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Hrdeealic presses, Testing equipment, 
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Crane wheels, Bending rolls, Plate planers, 
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BALDWIN SERVES THE NATION WHICH 
THE RAILROADS HELPED TO BUILD 
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Means Better Diesel Performance for You 


Here is one of the reasons why your Baldwin Diesel engine will give 
you something more in economy, service and all-round satisfaction. 

It is one of the world’s largest crankshaft grinders, recently installed 
to finish an essential part of the engine to within one ten-thousandth of 
an inch—plus or minus—of designed dimensions, and, at the same time, 
insure accurate parallelism. 

A trip through the Baldwin shop would show you many examples 
of this emphasis on ultimate quality and accuracy—skilled craftsmen 
who know how to do a plus job . . . and machines that help them to do it. 

This means extra work and expense... but when you purchase 
your next Baldwin Diesel, you'll recognize the fact that it also means 
better Diesel performance for you. 

The Baldwin Locomotive Works, Locomotive & Ordnance Division, 
Philadelphia, Pa., U. S. A. Offices: Philadelphia, New York, Chicago, 
Washington, Boston, Cleveland, St. Louis, San Francisco, Houston. 




























MEETINGS. 


August 3—California Natural Gaso- 
line Association, monthly meeting, Rio 


_ Mondo Golf Club, Downey, Colifernts, 


September 11-15—American Chemical 
Society, fall meeting, Pennsylvania 
Hotel, New York, New York. 


September 20-22—National Petroleum 


Association, annual meeting, Hotel 


Claridge, Atlantic City, New Jersey. 


; e. 
October 2-5—American Society of 
Mechanical Engineers, fall meeting, 
Cincinnati, Ohio, 


October 3-4—-American Association ; 


of Oilwell Drilling Contractors, annual 
meating, Fort Worth, Texas. 


October 3-5—National Sefety Con- 
gress, Sherman, Morrison and Le Salle 
hotels, Chicago, illinois. 


Wetober 5-46—American Gas Associa- 
tion, Stevens Hotel, Chicago, Illinois. 


October 12-13—Texas Mid-Continent 
Oil and Gos Association, Rice Hotel, 


" Houston, Texas. 


. 


October 13-—-California Natural Gaso- 


line Association, annual meeting, Bilt- 


saore Hotel, Los Angeles. 


October 23-25—Independent Petro. 


leum Association of America, annual 
meeting, Dallas, Texas, 


November 9-10-——Society of Automo» 
tive Engineers, Netional Fuel and Lu- 
bricants Meeting, Mayo Hotel, Tulsa, 
Oklahoma. 


November 1[3-16—American Petro- 
leum Institute annual meeting, Stevens 
Hotel, Chicaga, Illinois. 


November 15-19-—-American Chemical 
Society, third national chemical expo- 
sition, Coliseum, Chicago, Hlinois. 


January 8-12—Society of Automotive 
Engineers, annual meeting, Book-Cadil-’ 
fac Hotel, Detroit, Michigan. 


March 12-14, 1945—National Associa- 
tion of Corrosion Engineers, President 
Hotel, Kanses City, Missouri. 
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WORLD’S DEEPEST WELL 
CEMENTED WITH 
1000 SACKS OF 

INFERNO 




















Phillips Petroleum Company's 
Ada C. Price No. 1 Pecos County, 
Texas, cementing casing at 15,279 


feet on May 11 with 1,000 sacks 


of Trinity inferno. 




















TRINITY PORTLAND CEMENT COMPANY 


TRINITY INFERNO °¢ TRINITY HIGH EARLY STRENGTH ° TRINITY PORTLAND 
TRINITY FIBRE * TRINITY MIX . TRINITY WHITE, PLAIN AND WATER PROOFED 
DALLAS e FORT WORTH e HOUSTON 
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Sditorial 





ANY operations are involved in the business of finding and 
M producing crude oil, transporting it long distances by pipe 
line, and refining it into fuel, lubricants, and other products. Each 
branch of the industry is constantly developing new methods and 
processes. Prevailing practices are under continual modification and 
improvement. In this connection, the impact of war is having a telling 
effect on operating practice in the oil industry. 


Petroleum and its products play such an important réle in mod- 
ern warfare that the demand for crude oil is now far beyond prewar 
needs. Special petroleum products not available in quantity before the 
war now are being manufactured on a scale not thought possible in 
so short a time. During the last two and a half years new refining facili- 
ties for the manufacture of vast quantities of petroleum products have 
been added to supply war needs. New products and processes have been 
under intensive development. Many difficult operating problems call- 
ing for quick solution have had to be overcome. The experience thus 
gained by such accelerated progress should not be considered lost. It 
can become a valuable peace-time aid by applying this experience to 
increasing the scope, flexibility, and efficiency of refining operations 
when peace comes. 

During this same period in which vast new refining facilities have 
been added, a contrasting picture has been in the making. Drilling and 
producing operations were drastically curtailed by governmental 
orders. Blanket well-spacing regulations were imposed and the use of 
materials and equipment restricted. As a result, available crude oil 
reserves are now being drawn on at an excessive rate. Neither should 
this experience, however, be too heavily discounted by the industry. 
It should have a salutary effect on future operations, by having empha- 
sized the benefits that accrue and the efficiency that can be attained by 
-adopting an optimum rate of oil withdrawals. 
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REFERENCE ANNUAL 


Standardization in Compiling Data on Exploratory Drilling 
And Crude Oil Reserves* 


ARLY in 1943, a correspondence, 
which has since become volumin- 
ous, was started by the present writer 
on the subject of defining and classifying 
exploratory wells. Many geologists and 
petroleum engineers were consulted and 
_ opinions were freely exchanged. Many 
conferences have been held with groups 
of technical men. Among these the most 
helpful has been the Subcommittee on 
Exploration for P.A.W. District 3.1 
From the constructive criticisms and 
suggestions received from these several 
sources, we have evolved, through in- 
numerable revisions, a classification that 
seems to meet with general approval. 
This classification is not intended to 
refer, individually under separate cate- 
gories, to the almost numberless varia- 
tions that can be cited as a result of 
complexities in geologic and other fac- 
tors, but it is intended to cover all these 
varying conditions by suitable phrase- 
ology. It has been devised in the sim- 
plest form consistent with broad appli- 
cation to all regions. Although it is 
given in detail, with numerous explana- 
tory comments, in the appendix follow- 
ing the present paper, we wish briefly 
to discuss it here. 
All the different kinds of wells drill- 
ed for petroleum may be grouped either 


_1We are especially grateful, for construction criti- 
cisms, to G. C. Gester, A. I. Grogersen, Wm. B 
Heroy, Sidney Judson, Phil Martyn, Graham B. Moody, 
Leonard Orynski, R. J. Schilthuis, Carleton D. Speed, 
E. G. Trostel, and Paul Weaver. 

“Presented, before American Petroleum Institute, 
Southwestern District Division of Production, Houston, 
Texas, June 13-14, 1944. 





By F. H. LAHEE 
Sun Oil Company 


as field wells or as exploratory wells. 
Field wells are those located within or 
close to producing areas and drilled 
with the object of producing petroleum 
from the pool or pools already partly 
developed. Exploratory wells include 
those located relatively a considerable 
distance outside the known limits of 
producing areas or if within or close to 
the confines of a developed or partly 
developed pool they must be exploring 
for undeveloped or unknown prospects 
above or below this pool. 


There are several kinds of field wells 
but we are not further concerned with 
them in this paper. 

Exploratory wells are divisible into 
five groups. (See Table 1, appended). 
Those drilled with the object and ex- 
pectation of considerably extending the 
limits of a partly developed pool are 
called out post wells. Those drilled with 
the object of opening a new pool, i.e., 
a new reservoir, laterally outside the 
limits of a producing pool, but still on 
the same geologic structure as the lat- 
ter, are called new pool wildcats. Those 
drilled on wholly undeveloped struc- 
tures are new field wildcats. An explora- 
tory hole drilled for some unknown 
prospects below a developed pool is a 
deeper pool test, and one drilled for 
some uncertain prospects above a de- 
veloped pool is a shallower pool test. 

To the average oil man such a five- 
fold subdivision of exploratory wells 
may seem unnecessarily cumbersome. 
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He may say, why not call them all wild- 
cats? Or why not call the “new field 
wildcats” simply wildcats as we have 
always done in the past, and call the 
others semi-wildcats? Why bother about 
the deeper pool tests and shallower pool 
tests in this connection; aren’t these 
field wells any way? 


In answer to these questions we can 
say that they and many like them have 
been thoroughly considered by all of us 
who have worked on this problem. The 
term “wildcat” does not embrace all 
types of exploratory wells. On the other 
hand, some holes located on structures 
already producing are distinctly wild- 
cat in the sense that they involve real 
hazard, real danger of failure, so that 
we cannot properly limit this term to 
holes drilled on structures that have 
never before produced. As for the term 
“semi-wildcat,” of this there is general 
disapproval because it is too vague and 
meaningless. Accordingly, it has been 
purposely eliminated. 


The five-fold classification is a result 
of long deliberation and careful 
thought. It permits an easy check on the 
trend of the exploratory effort, wheth- 
er mainly for new pays in present areas 
of production or for new pools on 
structures already located or for new 
pools in undeveloped regions. It facili- 
tates an appraisal of the degree of risk 
being expended in this exploratory ef- 
fort. And it furnishes a means of classi- 
fying discovered crude oil reserves in 
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relation to the different phases of this 
exploratory effort. We urge, therefore, 
that statistics on exploratory drilling 
be kept according to these five subdi- 
visions. To combine them will then be 
simple but the reverse would be impos- 
sible. There are three points that we 
wish here particularly to emphasize: 

1. No terms applied to exploratory 
wells can be strictly cut and dried. All 
must be to some extent elastic due to 
the great variety of conditions, many 
of them unknown or only partly 
known, which may affect the classifica- 
tion of a well. 

2. Distance from production is only 
one factor and this may properly vary 
within wide limits according to the sim- 
plicity or complexity of attendant geo- 
logical conditions. In other words a 
hole drilled half a mile from produc- 
tion on a very complex geologic struc- 
ture in a region characterized by lens- 
ing sands may be a more hazardous ven- 
ture than a hole drilled three or four 
miles from production on a simple 
structure in a region of blanket sands. 

3. Classification of exploratory wells 
must always include consideration of 
geology and consequently such classifi- 
cation requires geological advice. Any 
classification of exploratory wells that 
eliminates the geological factors is 
bound to be inadequate. 


Crude Oil Reserves 


Just as in the case of exploratory 
wells, so also with crude oil reserves 
there is need for standardization in com- 
piling the data and in presenting them. 
Merely to state that the oil reserves of 
this country are so many barrels with 
no explanation of what the figure ac- 
tually represents, leads to endless con- 
fusion and misunderstanding. But let 
us hasten to add that when, in an orig- 
inal report, a clear explanation is given 


and only part of this report is quoted 
and the explanatory material is pur- 
posely omitted, usually to save space, 
then the blame for causing misunder- 
standing rests with the editor or the 
reporter or the speaker, whoever he 
may be, who quotes. If we in the oil 
industry are going to clarify this situa- 
tion in the minds of the public and of 
government officials and even in the 
minds of many in our own industry, we 
must come to a better understanding 
of the terminology and classification 
of crude oil reserves and we must agree 
to adopt and use a suitable classification 
based on this terminology. 

We are not now prepared to recom- 
mend a classification of oil reserves for 
adoption, but we do want to suggest 
one for consideration toward this end. 
For this purpose we shall make a rough 
survey of the problem by contrasting 
some of the methods recently followed. 

In the estimates published annually 
since 1937 by the American Petroleum 
Institute only “proved” or “blocked 
out” reserves of oil are included. These 
proved reserves are both drilled and 
undrilled. The proved drilled reserves 
in any pool include the oil estimated to 
be recoverable by the production meth- 
ods already installed (whether primary 
or secondary) and from the area actual- 
ly drilled up on the spacing pattern in 
vogue in that pool. The proved undrill- 
ed reserves in any pool include reserves 
under undrilled spacing units that are 
so close and so related to the drilled 
units that there is every reasonable 
probability that they will produce when 
drilled. Beyond these proved reserves, 
the A.P.I. Committee does not go. 

Certain committees of the Petroleum 
Administration for War make estimates 
not only of proved oil reserves, group- 
ing these as drilled and undrilled, but 
also of additional oil reserves, which 


Table 1. Classification of exploratory wells 
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they called “possible.” These possible 
reserves include (1) oil that may be 
recoverable by the application of more 
efficient production methods (generally 
secondary, where only primary has been 
in use) and (2) oil that may be recoy- 
erable from “geologically possible ex- 
tensions of underground reservoirs” 
considerably beyond the limits proved 
by wells already drilled. These two 
classes of reserves may be regarded as 
already discovered, although they have 
not been proved. 

There are other possible reserves—we 
are now using the adjective with its 
ordinary connotation—that have not 
yet been discovered. These include (1) 
oil that may be recoverable from unde- 
veloped pools above producing pools; 
(2) oil that may be recoverable from 
undeveloped pools below producing 
pools; (3) oil that may be recoverable 
from new pools, not yet drilled, on pro- 
ducing geologic structures but outside 
the limits of the pool or pools that have 
already been found on these structures, 
and (4) oil that may be recoverable on 
local geologic structures or in local 
geologic environments, where no oil has 
yet been discovered but where, because 
of conditions similar to those prevailing 
in other producing localities in the gen- 
eral region, there is a fair chance that 
new oil fields may eventually be found. 
All these four classes belong to undis- 
covered possible reserves. Note that they 
are all related to known local geologic 
structures or to known local geologic 
environments, which are comparable 
with similar producing structures or 


“environments in the same region. 


Besides the proved reserves and pos- 
sible reserves, as outlined above, there 
are hypothetical reserves, i.e., reserves 
that may perhaps be present in non- 
producing regions underlain by sedi- 
mentary formations that yield oil in 
other regions. These reserves, if pres- 
ent, are certainly highly speculative and 
any attempt to estimate how large they 
are is purely a guess. 

Finally there are substitute reserves, 
which include (1) oil that may be made 
available by chemical processing of nat- 
ural gas and (2) oil that may be made 
available by distillation of oil shale, 
coal, and organic materials. These are 
not reserves of crude oil as such but 
rather of substances from which oil can 
be derived. 

Summarizing, we have the classes of 
oil reserves shown in Table A. 


TABLE A 
Classification of Oil Reserves 
Crude oil reserves 


Drilled 
Proved reserves________. Undrilled 
‘ Discovered 
Possible reserves. _______ Sin dtenesellll 


_ Hypothetical reserves 
Substitute reserves 
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ble If in every estimate of reserves the 
be author would clearly state to which of 
one these categories his figures apply, there 
ally would be much less confusion. The 
een trouble is that one person may be talk- 
om, ing of proved reserves only; another of 
ex- proved plus possible discovered reserves; 
irs” another of proved reserves plus all pos- 
ved sible reserves, both discovered and un- 
two discovered; another of all groups of — 
1 as crude oil reserves together, and some- 
rave times, without too precise definition, 
substitute reserves and crude oil re- 
~we serves may be thrown into one huge 
: its estimate, and then indeed the future 
ast supply becomes magnificent. There is 
(1) no necessity for commenting further 
nde- on this subject here. 
Dols; Briefly, then, in order to promote a 
rom better general understanding of the 
cing methods and the results of the explora- 
‘able tory effort of the industry, we urge (1) 
pro- adoption of the “Classification of Ex- 
tside ploratory Drilling” as presented in the 
have appendix accompanying this paper and 
ures, (2) study of the “Classification of Oil 
le on Reserves,” as suggested above and out- 
local lined in Table A, with the thought that 
| has this, too, may serve a useful purpose 
ause toward the end desired, provided it 
iling meets with approval. 
as Appendix 
— Classification of Exploratory Drill- 
re ing for Petroleum* 
log _ A. Definitions. The definitions given 
leaks in this paper are for the purpose of re- 


rable porting exploratory drilling, and are 
| not to be construed as legal definitions. 










~ 1. Petroleum defined. For statis- 
pos- tical purposes, as discussed herebelow, 
chase petroleum is defined as including crude 
a: oil, natural hydrocarbon gas, and the 
ants condensate content of natural gas, 
col. wherever these occur under natural 
i ie conditions. 
pres- 2. Occurrence of petroleum. (a) 
e and A pool as used in the following discus- 
they sion is an underground accumulation 
of petroleum in a single and separate 
erves, natural reservoir (usually a porous sand- 
made stone or limestone). It is characterized 
£ nat- by a single natural pressure system so 
made that production of petroleum from one 
shale, part of the pool will affect the reservoir 
se are pressure throughout its extent. In all 
h but directions a pool is so bounded by geo- 
il can logic barriers, such as impermeable 
strata, geologic structural conditons, 
ses of and water in the rock formations, that 
it is effectively separated from any oth- 
er pools that may be present in the 
same district, or on the same geologic 
structure. (b) A field may be a single. 
pool, or it may consist of two or more 
id . *The following text is Part II of F. H. Lahee’s 
ail Peg pg oe a and Statistics 
vered Association of Puma Selene in ban 1944. Te 
was accepted for general use by the Petroleum Admini- 
S‘ration for War and the Petroleum Industry War Coun- 


cil on May 2, 1944, 


1944 


pools, all on, or related to, the same 
geologic structure. Where there is more 
than one pool in the same field, the sev- 
eral pools are separated from one an- 
other through geologic causes such as 
synclinal conditions, faulting, pinching 
out of reservoir beds, and changes in 
porosity and permeability. The pools 
may occur at several horizons or differ- 
ent geologic age, separated by relatively 
impervious strata, and in such cases 
they may directly or only partly over- 
lap one another in a horizontal sense or 
they may not overlap at all. 

Comment. The terms “pool” and 
“field” are applied herebelow only where 
they are capable of producing oil or gas 
in substantial quantities, which in most 
cases means in commercial quantities. 
These terms are not intended to cover 
slight accumulations from which noth- 
ing but very small showings can be ob- 
tained. See comments on “Discovery” 
under 5 (c). 

While a field may include several 
pools that, by definition, must all be on 
or related to the same geologic struc- 
ture, the reverse may not be true. In 
other words, all the pools on one major 
structure do not necessarily constitute 
one field. If the structure is large, sev- 
eral fields may be located on it. 

3. Classification of drilling. (a) 
Development drilling, in the petroleum 
industry, is the drilling of wells within, 
or close to, the limits of a producing (or 
producible) pool, as these limits are 
known at the time of this drilling, the 
object being to complete such wells in 
the “‘pay horizon” (sand, lime, etc.) of 
the pool. 

Comment: The word “producible” 
is added in parentheses here and else- 
where in this report to cover the case 
of a pool that temporarily may not be 
producing because its well or wells are 
shut in. 

Development drilling is mentioned in 
this paper mainly for contrast with ex- 
ploratory drilling. 

(b) Exploratory drilling is (1) the 
drilling of wells relatively a consider- 
able distance outside the limits of de- 
velopment, or developing, pools as these 
limits are known at the time of such 
drilling or (2) the drilling of wells 
within the then known limits of a pool 
with the object of searching for new 
producible horizons above or below the 
producing (or producible) horizon of 
the pool or, if there are two or more 
superposed pools in the field, above or 
below the producing (or producible) 
horizon of the deepest pool penetrated 
by this well. 

Comment: For a discussion of this 
subject see 4 (b) (3). 

4. Classification of wells at time 
of commencement of drilling. (a) 
Under the head of development drilling 
may be listed field wells. 
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A field well is a well drilled with the 
object of further exploiting the pay 
horizon of a pool within the area that 
has already been essentially proved for 
production in this pool. Such a well may 
be inside the pool as already outlined by 
producing (or producible) wells or it 
may be a relatively short distance out- 
side these limits. 


Comments: Under this definition an 
edge well, i.e., a well knowingly drilled 
close to the recognized productive 
boundary of a pool, is a field well, and 
this is true whether this edge well is 
completed as a producer (within the 
pool) or is abandoned as a dry hole 
(just outside the boundary of the pool). 
After discovery of a new pool or a new 
field, the second well and subsequent 
wells should all be called field wells if 
they meet the requirements of ‘the def- 
inition as above stated. 


“Field well” may be applied to a well 
within a field consisting of a single pool 
or in a field consisting of two or more 
pools but in the latter case the objective 
must be the producing horizon of that 
pool within the boundaries of which, or 
close to the boundaries of which, this 
well is located. 


On a structure of moderate relief, 
where the producing horizon blankets 
the entire structure and where through 
subsurface mapping the contours on 
this horizon can be mapped with a fair 
degree of correctness, a hole drilled on 
an undeveloped part of the structure 
but considerably above edgewater level, 
may be called a field well because its 
chances of production are very good. 
Note that in this case the underground 
conditions are pretty definitely known 
as contrasted with what is known af- 
fecting an outpost well (described 
later). 


(b) Under the heading of explora- 
tory drilling we may list these classes 
of wells: wildcat wells (including new 
field wildcats and new pool wildcats), 
outpost wells, deeper pool tests, and 
shallower pool tests. 

(1) A wildcat well (or simply wild- 
cat) is a well located relatively a con- 
siderable distance outside the limits of 
producing (or producible) pools as 
these limits are known at the time of 
its drilling. A new field wildcat is a hole 
drilled on a geologic structure or in a 
geologic environment where petroleum 
has not yet been discovered. A new 
pool wildcat is a hole drilled on a struc- 
ture or in a geologic environment where 
other pools have been found but where 
the complexities in the underground 
geologic conditions are so great that 
searching for a new pool is very haz- 
ardous. As suggested in these names, the 
objective of a new field wildcat is dis- 
covery of a new field and the objective 
of a new pool wildcat is discovery of a 
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new pool in a field already discovered lieved too great to diminish the chance how to discriminate between (1) a well 
(see “Comments” following the next of extending the known producing area _—_ drilled from the surface with the object ) 
paragraph). in that direction. , of searching for unknown prospects be- | 

(2) An outpost well (or outpost) Obviously, the definition of wildcat low the deepest known pay horizon 
‘s a hole drilled with the thought that — or outpost must be applied when a hole _ penetrated by the well and finally com- , 
it will probably extend, by a consider- _is started and not after its completion. _ pleted as the discovery well of a new : 
able distance, a pool already partly de- For example, nothing learned during the _—_ deep pool or abandoned at its total depth , 
veloped. Its original objective is the drilling of a wildcat nor after its com- as a.dry deeper pool test; (2) a well 
producing horizon of this pool, al- pletion or abandonment can alter the similarly drilled but after failing to | 
though it may be completed or aban- degree of risk taken in the original ven- discover deep oil plugged back and com- | 
doned at a higher or at a lower strati- ture of locating and drilling the hole. pleted in the pay horizon of the deepest | 
graphic horizon. It is far enough from If two holes are started as wildcats in pool within the confines of which it was 
the limits of the pool, as known at the the same area, they are still wildcats located, and (3) a field well that after | 
time when its drilling is started, to even if one of them happens to discover producing for some time (days, 
make its outcome uncertain but it is production before the other is com- months, or years) from the known pay 
not far enough from these limits to be _ pleted. of the pool, has then been deepened to 
designated a wildcat. If it is successful (3) A deeper pool test is a well lo- explore underlying unknown possibili- 
in its original object it will add ma- cated within the known limits of a pool _ ties. In order to simplify the statistical 
terially to the productive area of the and drilled with the object of searching _ study of these three varieties of hole, we 
pool. It may be dry. for new producible horizons below the shall list all as deeper pool tests but in 

Comments. As we have pointed out _— producing (or producible) horizon of each case we shall assign as exploratory 
before, the element of risk of failure to the pool or if there are two or more footage only the footage below the pay 
find oil is an important factor in classi- overlapping pools below the producing _ horizon of the deepest previously known 
fying wildcats and outposts. Therefore, (or producible) horizon of the deepest pool penetrated by this well. 
where geological conditions are simple pool penetrated by this well. (4) A shallower pool test is a well 
and easy to anticipate and where, for Comments: In nearly all cases “be- located within the known limits of a 
this reason, a well is likely to find pro- low,” as used in this definition, means pool and drilled with the object of 
duction, the distance of a wildcat meas- both stratigraphically below and at a searching for new producible horizons 
ured from the known limits of the near- _— greater depth but under very rare con- = above the producing (or producible) 
est pool (not from any other drilling ditions, such as overthrust faulting, the horizon of the pool or, if there are two 
well), will be greater than where geo- _ producing horizon of the pool might be _ or more overlapping pools at the site of 
logical conditions are complicated and _stratigraphically older, though shallow- _— the well, above the deepest of these 
failure is not unlikely. Where pools are er, than the deeper prospects sought in _ pools. 
known to be large and geological con- the deeper pool test. Comments: Wildcats, both those 
ditions simple, a hole located two or Under certain conditions of compli- _— exploring for new fields and those ex- 
three miles from the nearest productive cated geology, within a field that in- _ ploring for new pools, are holes drilled 
area may be classed as an outpost. Where cludes two or more pools at different considerably outside the limits of pro- 
conditions are complicated as on a salt stratigraphic levels and not superposed ducing areas in a lateral sense, that is, 
dome or in an area characterized by one above another, deeper pool test may —_ as would be obvious on a map. On the 
faulting or by lensing or shaling sands, _ be applied to a hole located within the — other hand, deeper pool tests and shal- 
a hole drilled just outside the known producing area of a higher pool but lower pool tests are exploratory in a 
actual edge of a pool and on the same __ considerably outside the producing area _vertical sense since they are drilled to 
structure as that on which this pool is of a lower pool if the objective of this search for deeper or shallower new pools 
located is essentially a wildcat, for it | well is below the pay horizon of the respectively above or below a known 
is exploring for unknown possibilities pool within which it is located. For this | and partly or wholly developed pool. 
under complex geological conditions. classification such a hole should be far _It is true that a shallower pool test will 
On the other hand, if a hole is drilled | enough from the edge of the deeper pool _—_— penetrate a stratigraphic section at least 
along strike several locations from pro- to be designated a wildcat if there were _ partially known, but it will definitely 
duction on a salt dome, it may better be _no higher pool. be exploring for petroleum and often 
called an outpost, unless faulting is be- There has been much question as to _— for structure. Our reason for relating 

Table 2. Tabulation of statistics on exploratory wells 
: pce nadine r TOTAL EXPLORATORY WELLS 
a miancanniieneses - SHALLOWER- POOL TESTS <b DEEPER-POOL TESTS We NEW-POOL WILOCATS intiecenlianaesite ee ee 
SUCCESSFUL et To SUCCESSFUL a 1 SUCCESSFUL a T» SUCCESSFUL a To SUCCESSFUL ‘y o SUCCES SFUL AL % 
ot | Gas |cono “a % oi. | Gas |cono. a % oi. | Gas |cono- “a * oit | GAs |cono| “a hat oi. | Gas |cono| = A Tow | cas |cono. “Ry “ 
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both the shallower pool and deeper pool 
tests to the deepest producing horizon 
in an area of two or more superposed 

Is is that this greatly simplifies the 
definition. It is much better to do this 
than to attempt to discriminate be- 
tween such tests which might be ex- 
ploring at various levels where there are 
several overlapping pools in one field. 

5. Results of Drilling. As results 
of drilling we may designate wells as 
dry holes, as extension wells, or as dis- 
covery wells, 

(a) Any hole, even a well drilled 
within the known boundaries of a pool 
as a field well, may be abandoned as 
dry. However, the chances are that field 
wells will produce, or be producible, and 
although the risk is greater outpost wells 
have a fair chance of success but wild- 
cats, according to statistics, have less 
than one chance in five or six of dis- 
covering oil or gas “in substantial quan- 
tities.” 

(b) Any well that is located as an 
outpost well or as a wildcat will be 
classified as an extension well (as a re- 
sult of its drilling), if it extends the 
productive (or producible) area of a 
pool (see Table 1) but this classifica- 
tion cannot logically be applied until 
after the fact is demonstrated and such 
demonstration may require the drilling 
of several intermediate wells. 

(c) Any wildcat, outpost, deeper 
pool test, or shallower pool test that dis- 
covers a new pool of petroleum,* is a 
discovery well. 

Comments: Discovery, then, as ap- 
plied to oil and gas is the finding of a 
previously unknown or unproved pool 
of petroleum. For the first pool on a 
geologic structure we may speak of dis- 
covery of a pool or discovery of a field 
for this first pool may also be called a 
field but where there are several pools 
in one field, there can be only one field- 
discovery well on this structure, i.e., 
the well that was completed as a pro- 
ducer in the first pool found. Thereafter 
the wells discovering new pools on this 
same structure are pool-discovery wells; 
they are not field-discovery wells. 


Sometimes a wildcat, drilled some dis- 
tance from production, is at first er- 
roneously credited with discovery of a 
new pool. Subsequently, through the 
drilling of additional wells it is shown 
to be an extension well of a pool pre- 
viously known. Such a well, although 
it must obviously be removed from the 
category of discovery wells when the 
fact is proved, is nevertheless due full 
credit as a wildcat based on factors of 
distance and risk at the time its drilling 
was undertaken. 


It frequently happens that the dis- 
covery well on a structure or a well 
drilled subsequently in the course of de- 





*See foregoing definitions of pool and petroleum. 
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velopment of the field penetrates more 
than one horizon that is capable of pro- 
ducing oil or gas in substantial quan- 
tities. Generally the well will be com- 
pleted in only a single horizon. If the 
well is the discovery well on the field, 
the horizon in which it is completed 
thus becomes the initial pool of the 
field. Other potentially productive hor- 
izons penetrated either above or below 
the horizon in which the well was com- 
pleted would not be considered tech- 
nically as “discovered” until a well has 
been completed as a producer from 
each of them. Even if the evidence of 
the presence of petroleum in such a 
horizon were virtually conclusive, a 
well producing or so completed that it 
could produce from this horizon would 
be required to constitute a new discov- 
ery. This distinction is essential even 
though from the interpretation of elec- 
trical logs, from core samples, and even 
from drillstem tests, it may seem al- 
most certain that the horizon is capa- 
ble of production. If the discovery well 
of a field were completed and produci- 
ble from two horizons, such a dual com- 
pletion would, of course, be the discov- 
ery well of two pools. The discovery 
well of a new pool or pay horizon is, 
accordingly, not necessarily the first 
well that penetrated the pay horizon and 
found evidence of petroleum in it but 
the first well to produce substantial 
quantities of oil or gas from it. 

(d) The date of discovery of a pool 
is the date on which the discovery well 
of the pool is completed as a producer 
of petroleum. For a field this would be 
the date of discovery of the first pool 
in the field. If the first well completed 
in a pool happened to be in the gas cap 
of an oil pool, this would still be the 
discovery well of the pool as a whole 
including both gas and oil. 

B. Statistics on exploratory drill- 
ing. In order that the statistics of 
exploratory drilling may be as consist- 
ent as possible between different areas 
and in order that those in successive 
years may be as nearly comparable as 
possible, the foregoing definitions have 
been suggested for general adoption. In 
applying these definitions there is bound 
to be some question in a few borderline 
cases but for the most part classifica- 
tion should be made without difficulty. 

Attention is again called to the dif- 
ferences between sections 4 and 5 in the 
foregoing. Bear in mind that prelimi- 
nary classification is based on the de- 
gree of risk of failure as estimated when 
drilling of the hole is commenced, and 
this risk is contingent on how much is 
known of underground geological con- 
ditions when drilling is started. Also re- 
member that preliminary classification 
of a well, made before the well is com- 
pleted, cannot logically include refer- 
ence to discovery or extension. Thus, 








classifications under Column A _ in 
Table 1 are fixed and must not be 
changed. On the other hand, classifica- 
tions under Column B may have to be 
changed as more information becomes 
available. 

In compiling statistics for study of 
both the exploratory effort and the re- 
sults of this effort, all five types of ex- 
ploratory holes should be separately 
treated. We refer to the types labelled 
1, 2a, 2b, 2c, and 3 in Table 1. Unless 
the data are thus broken down misin- 
terpretations of the tabulated statistics 
are inevitable. However, where the ob- 
ject is merely to classify results, as for 
example newly discovered reserves, the 
data may be satisfactorily grouped un- 
der heading 1, 2, and 3, all three sub- 
classes of 2 being combined or they may 
be grouped under 1, 2a + 2b, and 
Ze > 5. 

Table 1 is ‘a summary presentation of 
the classifications described in the fore- 
going pages. To some extent it is briefly 
explanatory. By following its designa- 
tions statistics can be recorded in sev- 
eral ways. Table 2 is a suggestion for 
tabulating statistics. In it the main 
columns correspond to Groups 1, 2a, 
2b, 2c, and 3 in Table 1. Under each 
of these are three subheadings, success- 
ful, failure, and total. The first two 
could be headed producer and dry, if 
preferred. Under successful the kind of 
producer (oil, gas, or condensate) is in- 
dicated and in this column under each 
major heading it may be shown whether 
the producer was a discovery well or an 
extension well (as proved by the drill- 
ing) by the letters ‘d’ and ‘c,’ respect- 
ively, against the recorded data. As for 
these data, the number of holes or the 
exploratory footage or both can be 
shown. 

To each wildcat, shallower pool test, 
and outpost well, its total footage is to 
be assigned and listed but, as above ex- 
plained, each deeper pool test is to be 
credited with only that footage drilled 
below the pay horizon of the deepest 
pool within the limits of which it was 
drilled. In no case should footage pene- 
trated in sidetracking or in redrilling 
of a lost hole be included in the total 
footage of any hole. 

A hole temporarily abandoned should 
not be listed in one year’s record and 
then again in succeeding years each time 
it is drilled a little deeper. As far as can 
be determined, it should be listed only 
when it has been permanently aban- 
doned. Where after a long lapse of time 
a hole recorded as permanently aban- 
doned is cleaned out and drilled deeper, 
it should be so designated as an excep- 
tion in the later listing and only the ad- 
ditional footage drilled should be as- 
signed to it as of the year during which 
it was thus deepened. 
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The 1,200 mile, 24-inch pipeline of the Tennessee 
Gas and Transmission company calls for 31 
Cooper-Bessemer G-MV’s to help pump gas from 
Texas to West Virginia. These big 1000 hp., 10- 
cylinder compressors will handle the job from 
Mississippi to the East. 


Type G-MV has long since demonstrated that it 
is just as satisfactory for gas transmission serv- 
ice as it is for natural gasoline, repressuring, re- 
cycling, refining, chemical and other compress- 
ing operations. Its chief advantages are three- 
fold — increased efficiency, greater economy 
and trouble-free operation. 





Increased efficiency is particularly due to the 
unique V-angle engine design and the special 
compressor cylinder construction. Greater econ- 
omy results from Cooper-Bessemer’s distinctive 
fuel injection and scavenging, and the highly 
effective cooling and lubrication systems. Long 
life and trouble-free operation are due to the 
G-MV's rugged construction of Meehanite Metal 
and its scientific engineering, from massive base 
right through to the exhaust lines. 


Type G-MV compressors are now available to 
meet all the requirements of the gas, oil and 
allied industries, as well as for general indus- 
trial needs. 





by 


uston, Dallas, Greggton, Pampa and Odessa, Texas Tulsa Shreveport 


MOUNT VERNON, OHIO AND GROVE CITY, PENNA 
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Blowouts — Causes and Prevention* 


NTRODUCTION. When it was 
suggested to the API Southwestern 
District Topical Committee on Drilling 
Practice that a study be devoted to the 
subject of this paper, it was realized that 
the industry was already in possession 
of rather extensive information as to 
both the cause and prevention of blow- 
outs, this information having been dis- 
seminated not only through the medium 
of several excellent technical papers on 
the subject (See bibliography) but also 
through the efforts of service organiza- 
tions and manufacturers which supply 
drilling muds, wellhead fittings, and 
other well control devices. However, in 
spite of considerable general knowledge 
on the subject, uncontrolled blowouts 
are continuing to occur. There are no 
accurate records available, so it cannot 
be said whether the percentage of oc- 
currence is increasing or decreasing, but 
the fact that there were 30 serious 
blowouts in the Gulf Coast of Louisiana 
and Texas during last year (1943) is 
sufficient cause for reviewing the situa- 
tion and bringing as much concerted 
effort as possible to bear in an effort to 
reduce this vast physical and economic 
loss. 


It is recognized that the problem of 
well control is extremely wide in scope 
and has many ramifications. For this 
reason, it is thought that the problem 
is essentially one for group study, and 
that a series of papers, each devoted to 
a particular phase of the problem, will 
be required to completely cover the 
subject. The various operating com- 
panies have been most cooperative in ex- 
changing ideas and information. How- 
ever, to date there has been no adequate 
machinery set up for keeping all in- 
formation on a current basis, and for 
disseminating new ideas and methods 
throughout the industry. It is believed, 
and suggested, that if arrangements 
were made whereby a technical group 
could receive complete and detailed in- 
formation on a large number of pre- 
vious blowouts and also on each new 
blowout which might occur, that in the 
course of time and by means of periodic 
reports, much of value could be accom- 
plished. In collecting data prior to the 
preparation of this paper, the Topical 
Committee sent out a questionnaire to 
a group of operators who had had blow- 
outs in the recent past. The cooperation 
offered by the operators replying to the 
questionnaire was quite gratifying and, 





*Presented before American Petroleum Institute South- 
western District Division of Production, Houston, Texas, 
June 13-14, 1944, 
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By MADDEN T. WORKS, Chief Engineer 


Cameron Iron Works, Inc. 


although there were an insufficient num- 
ber of wells reported on to permit any 
general conclusions, it could be readily 
seen that the extension of such a re- 
porting system would be of inestimable 
value. 


As stated previously, it is not feasible 
to attempt to cover the entire subject 
of the causes of blowouts and their pre- 
vention in a single paper. Also, as men- 
tioned, a more extensive study should 
be instituted before attempting to of- 
fer any concrete solutions. However, 
since the questionnaire which was sent 
out gave definite indication that many 
blowouts can be traced to bad practices, 
the Topical Committee believes that a 
preliminary paper which would be, pri- 
marily, a review of the situation would 
aid in focusing the attention of the in- 
dustry on certain phases of the problem 
which, it appears, may not have had 
enough attention directed to them re- 
cently. This paper, therefore, will at- 
tempt to restate the known causes for 
blowouts and make suggestions for an 
educational program, for it is certain 
that nothing can be accomplished to- 
wards reducing the number of blowouts 
unless the entire operating personnel of 
the industry, from top to bottom, is 
made thoroughly conversant with the 
problem. This paper will be devoted to 
the problem of blowouts on drilling 
wells only, as loss on control of produc- 
ing wells is an entirely different phase 
of the subject. 

When entering into the study of any 
problem, it is always good practice to 
first make a clear statement of the prob- 
lem. In the case of blowouts it is rela- 
tively easy to make a list of possible 
causes. Also, it is relatively easy for one 
“skilled in the art” to set opposite each 
cause preventive measures which, if fol- 
lowed, would preclude the occurrence 
of blowouts from that cause. Upon do- 
ing this, one may easily say that the 
problem is quite simple, and that there 
is no reason for there ever being any 
more blowouts. This would be the cor- 
rect answer if it were not for a very 
important factor, and that is that wells 
are drilled by men and, consequently, 
the human element is likely to upset 
the nicest of plans and calculations. It 
is true that there are a few possible 
causes of blowouts which may properly 
be termed “Acts of God” but, fortu- 
nately, these causes are few in number 
and their probability of occurring is 
quite slight. Since there is admittedly 
nothing, so far as is known, that can 
be done about a situation such as storm 


or lightning destroying surface control 
equipment, it would be rather pointless 
to dwell upon it to any extent here, 
However, it might be worth while to 
mention that certain other causes which, 
while they cannot truly be termed 
“Acts of God,” approach that classifi- 
cation in that blowouts may occur when 
these conditions are encountered for the 
reason that stresses may be placed upon 
the control equipment in excess of even 
the most conservative allowance for fac- 
tors of safety. For example, abnormal 
pressures may be encountered of a mag- 
nitude which cannot be coped with by 
even the most carefully selected equip- 
ment. Another eventuality which falls 
in the same category is the sudden loss 
of returns in cavities, crevices, etc, 
However, if adequate control equip. 
ment has been provided in the first place, 
a wild well will not result from lost re- 
turns unless the sudden loss of the mud 
column permits an uprush of sufficient 
violence to damage the pipe or control 
equipment. Of course, when either zones 
of abnormal pressure or caverns under- 
lying gas sands are known to exist ina 
given area, trouble resulting from these 
causes cannot conceivably be passed off 
as being “Acts of God.” 


There is one other cause of loss of 
control on drilling wells that is extreme- 
ly difficult to classify, and that is me- 
chanical failure. Of course, it is not 
difficult to classify mechanical failures 
which are brought about by the equip- 
ment being called upon to perform 
tasks for which it was not designed, but 
the failure of carefully selected and pre- 
tested equipment apparently in a good 
state of repair is another matter. For- 
tunately, failures of this nature are ex- 
tremely rare. To sum up the above re- 
marks, it might be said that while blow- 
outs due to so-called “Acts of God” 
can and do occur, the probability of 
their occurrence is extremely slight and 
the tendency, which many of you may 
have noted, of wanting to place 
blowouts in this category should be 
studiously avoided. 

Now, if we return to the list of blow- 
out causes mentioned above, it is read- 
ily apparent that the responsibility for 
permitting these causes to exist on any 
operation may be assigned to the two 
main divisions of operating personnel. 
That is, there is a group of causes ovet 


which management alone has control, 


and there is the other group of causes 
which fall under the control of the per- 


(Continued on Page 46) 
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WELDED CASING SUSPENSION 
IS EFFECTIVE and PROGRESSIVE 


Design and construction of welded suspension in RECTORHEADS. Welded suspensions for casing 
RECTORHEADS recommend-  ttings are efficient and dependable—they are today standing up under 
the toughest service in high pressure oil fields throughout the Western 
ed for welded suspension per- Hemisphere. 
mit application of a dependable RECTORHEADS have built an enviable reputation over a period of 
weld—assuring the operator of Yeats. Welded casing suspension RECTORHEADS have been accepted 
by the oil Industry as a progressive step in Casing Head design. We 
take pride in being a pioneer in this step forward in the design and 
tection against leaks. You are development of Welded Casing Suspension Heads. As in the past 
invited to call in technical RECTOR engineers will always be on the alert for design improvements 
in RECTORHEADS. 
Welded casing suspension in RECTORHEADS is Successful. 
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(Continued from Page 42) 
sonnel actually executing the work in 
the field. That is, the list of causes may 
be divided and tabulated in the follow- 
ing manner: 

I. Causes under control of manage- 
ment. 

a. Use of improper drilling mud. 

b. Failure to provide an ample re- 
serve supply of mud. ; 

c. Inadequate mud pumping 
equipment. 

d. An inadequate casing program. 

e. Inadequate, obsolete, or worn 
out control equipment. 

f. Lack of periodic inspection of 
vital equipment and failure to 
authorize necessary repairs. 

g. Failure to give complete and 
concise instructions to subor- 
dinates, and insufficient super- 
vision. 

h. Lack of a practical educational 
and safety program. 

II. Causes under control of subordi- 
nate personnel. 

a. Drilling gas sands too fast. 

b. Pulling pipe off bottom to rap- 
idly. 

c. Balling up the bit or drill collar 
by crowding in sticky forma- 
tions. 

d. Using too large a diameter drill 
collar. 

e. Pulling pipe out of the hole be- 
fore the mud is in proper con- 
dition. 

f. Failure to run fill-up pump 
frequently while pulling pipe 
from hole. 

g. Use of low pressure fittings in 
high pressure control mani- 
folds. 

h. Procrastination in making rig 
repairs. 

i. Continuing to drill or circu- 
late during a heavy rain. 

j. Failure to maintain the reserve 
mud supply in condition for 
use, 

k. Lack of general vigilance for 
the unmistakable signs of gas. 

|. Failure to obey specific instruc- 
tions. 

There is nothing new in the above 
list except, possibly, the classification 
into which the causes have been placed. 

It is fortunate that the management 
of most operating companies makes con- 
siderable effort towards observing the 
best practices known. However, even 
the best of them seem to occasionally 
slip into bad practices, possibly due, to 
overconfidence resulting from long pe- 
riods of trouble free operation. Then, 
there is a certain class of operators, 
which is in the minority, who seem to 
insist on multiplying the hazards of well 


drilling by continuously indulging in . 


careless and imprudent practices. It is 
feared that management of those com- 
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panies in the latter category cannot in 
most cases offer the excuse of either 
oversight or ignorance, and the only 
other excuse that may be offered is one 
of economics. It is the stated purpose of 
this paper to suggest an educational pro- 
gram that might help make the entire 
industry blowout conscious. However, 
it is extremely difficult to offer concrete 
suggestions as to a program that will 
successfully reach not only the back- 
sliding good operators, but also the op- 
erators who indulge in bad practices as 
a result of false economy. 

Since there seems to be no effective 
way of forcibly drawing the negligent 
operators’ attention to the fact that 
careful and prudent practices are the 
cheapest insurance that can be obtain- 
ed, advertising and educational meas- 
ures both verbal and otherwise must be 
relied upon. The insurance companies 
have done an extremely good selling job 


in that no one, whatever his business ° 


policy might be, will allow his life in- 
surance to lapse except under the direst 
circumstances. Therefore, it appears 
that the oil industry may have a selling 
job to do in inducing the “black sheep” 
to always carry plenty of insurance in 
the form of the best practices. Of 
course, many operators can exercise con- 
siderable control by specific attention 
in their drilling contracts to the various 
causes of blowouts. Also, there is the 
expedient of controlling drilling prac- 
tices by legislation. However, neither 
one of these methods can be entirely ef- 
fective, and it certainly goes without 
saying that the less legislation involved 
the better, and this step should be taken 
only as a last resort. Therefore, it ap- 
pears that the best plan is simply for the 
good operators to devote some time to 
selling the not so good operators on the 
idea that the relatively small cost en- 
tailed in following the best practices is 
more than amply repaid from the stand- 
point of protection. Such a program 
should serve the further purpose of 
tending to keep the better operators “‘on 
their toes” and blowout conscious at 
all times. 

In reviewing the list of causes of 
blowouts which come under the con- 
trol of management, it can be shown 
that there is actually very little cost in- 
volved in circumventing any of the 
causes. Let us look at each of them in 
detail. 

I-a. Use of improper drilling 
mud, What proper mud is, of course, 
varies for different conditions. Probably 
the best way of being reasonably sure 
that the mud will be proper for the 
given set of conditions is to employ a 
competent mud engineer and make it 
his responsibility to see to it that the 
drilling mud is at all times in proper 
condition. The cost of a mud engineer’s 
salary plus the cost of the necessary 


chemicals, weighting materials, ete 
over a period of years will be almost i 
significant in comparison with the cogt 
of a single serious blowout. Many op- 
erators shy away from such a program 
for the reason that they have heard tales 
of extremely high mud costs on certain 
wells where the mud was the responsi. 
bility of the mud engineer. However, 
they overlook the fact that, in most in. 
stances, the cost was entailed by ex. 
tremely difficult operating conditions 
and that if the money had not been 
spent on mud control a much larger 
sum would probably have been spent 
on getting out of serious blowout troy. 
ble. Also, records of major companies 
positively show that mud costs are ac. 
tually less when the mud is under the 
control of a competent mud engineer 
rather than under the control of the 
drilling crews, for the reason that one 
untrained in the art of mud treatment 
almost invariably overtreats, thus caus. 
ing a wastage of treating materials, 
Therefore, a carefully planned and en- 
gineered mud control program should 
be considered as good insurance pur- 
chased at a bargain price. 

I-b. Failure to provide an ample 
reserve supply of mud. This cause of 
blowouts is closely allied to the ones 
just discussed. As stated by Carpenter; 
“In most instances, inferior drilling 
fluid is transferred to the reserve pits; 
and no effort is made, in all fields, to 
recondition it unless circulation is lost, 
a blowout occurs, or replacement of 
drilling fluid in the hole: becomes nec- 
essary because of gas-cutting or the pre- 
cipitating action of salt water. When 
additional mud is required in a hurry it 
is usually necessary to stop drilling while 
reconditioning the drilling fluid in the 
reserve pit or awaiting purchase and de- 
livery of commercial clays with which 
to make new drilling fluid. Therefore, 
as a matter of safety and economy it is 
important to have in reserve an ample 
supply of drilling fluid of the proper 
weight and consistency. When drilling 
is done in high-pressure gas zones the 
reserve supply should at least be equal 
to the total volume of the drilled hole.” 
This point is also noted by Vietti and 
Levy*® who state: “Failure to have an 
adequate reserve mud supply, or supply 
of commercial material, is inexcusa 
in areas where mud losses or gas sands 
may be reasonably expected.” Note that 
these remarks may be combined and 
paraphrased to the effect that the in- 
excusable lack of an ample reserve mud 
supply is false economy. 

I-c. Inadequate mud pumping 
equipment. Even the most carefully 
planned mud program and the strictest 
attention to the reserve supply will be 
of little avail if the mud pumping 
equipment has inadequate capacity 
pressure to meet any emergency since 
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the functions of drilling fluid, except 
that of suppressing formation pressure, 
are performed by circulation. In order 
to avoid a circulation failure at a cru- 
cial moment, it is essential that two 
slush pumps in good repair, and supplied 
with ample power, be available. Also, 
it is essential that the pumps be mani- 
folded in such a way that they may be 
instantly compounded or paralleled, 
thus enabling the driller to increase the 
pressure and/or rate of circulation at 
will. 

The three points that have been dis- 
cussed above may be summed up with 
the statement that an ample supply of 
drilling mud of the proper consistency 
with adequate circulation under all con- 
ditions is the first line of defense against 
blowouts, and no operator can expect 
to protect his investment without strict 
attention to this phase of well drilling. 

I-d. An inadequate casing pro- 
gram. The definition of an adequate 
casing program varies for different areas 
and conditions in the same way that the 
definition of a proper drilling mud 
varies. However, except on wildcat 
wells, this is a phase of the business 
which is quite closely controlled by the 
regulatory bodies of the various states. 
Therefore, it is only on exploratory 
wells that an operator has much chance 
to go too far wrong on a casing pro- 
gram. Since it is a known fact that the 
majority of blowouts occur on wildcats, 
prudent operators will devote consider- 
able care to the selection of a casing 
plan. As a matter of fact, it is highly 
advisable to have an alternate plan also 
available for, in drilling unknown for- 
mations, unlooked for situations may 
arise which would necessitate a change 
in the pipe program at a moment’s 
notice. In view of the rather elementary 
fact that a good casing program would 
tend to offset the increased hazard of 
exploratory drilling, it is rather sur- 
prising to discover that in a substantial 
percentage of blowouts on wildcat wells 
the reason for ultimate loss of control 
lies in an inadequate casing program. It 
appears that the only advance program 
that some operators set up is to set a 
few hundred feet of relatively large 
pipe and then drill on down in hopes 
that no trouble will be encountered. 
This is a curious attitude—particularly 
when viewed from the standpoint that 
the only reason for drilling the well is 
to hope that oil or gas will be discovered, 
preferably in copious quantities and at 
a reasonable pressure. One wonders 
about the fellow who set less than 500 
ft. of 1334-in. casing and then drilled 
on without much,trouble until gas sands 
were encountered at around 5000 ft. 
From there on the mud engineer had the 
nice problem of keeping the mud heavy 
enough to hold back the pressure and 
yet light enough not to be lost to the 
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formations. Finally, at around 6000 ft., 
this fine state of balance got out of hand 
and it was necessary to shut in the well 
with the blowout preventers. In less 
time than it takes to tell it the well had 
cratered due to a blow around the sur- 
face pipe, and a $150,000 investment 
in drilling rig and well bore was no 
more. Would this fellow be hard to con- 
vince that a few more dollars spent on 
surface pipe, and possibly a protection 
string, would have been cheap insur- 
ance on a substantial investment? 

I-e. Inadequate, obsolete or 
worn-out control equipment. Ac- 
cording to the questionnaire, 66 per 
cent of the operators reporting believe 
that drilling crews in general do not an- 
alyze the basic causes of blowouts, or 
exercise sufficient diligence, and depend 
unduly upon equipment to control a 
situation before it gets out of hand. 
This is interesting, for it is the positive 
knowledge of the author that much of 
the control equipment in everyday use 
in the field either is entirely too light 
for the depth being drilled or is in such 
a state that it could not possibly func- 
tion. It cannot be understood why some 
operators, even though they would not 
consider using a frayed drilling line or 
worn drill pipe, will be entirely satis- 
fied with anything that is called “blow- 
out preventer” regardless of its ade- 
quacy, age, or condition. The attitude 
seems to be that since the law requires 
that wells be equipped with a blowout 
preventer, all that is needed is a piece 
of equipment which is dignified by that 
name. When this attitude is balanced 
against the dependence of drilling crews 
on control equipment keeping them out 
of trouble, one can readily see why many 
blowouts occur which could have been 
prevented by greater attention to the 
control equipment detail. 

Another point that often escapes 
proper attention from management is 
the auxiliary equipment, such as fit- 
tings, flange bolts, etc., required to hook 
up the control equipment. The effec- 
tiveness of the best control equipment 
can be completely nullified by the 
use of such items as cast iron fit- 
tings and undersize carbon steel flange 
bolts in assembling high pressure con- 
nections. It seems that there is no effec- 
tive way of forcing all operators to 
either use or properly install good con- 
trol devices as both contractual treat- 
ment and state regulations fall short of 
the desired end. Therefore, here again, 
an educational program appears to be 
indicated in order to convince back- 
ward operators that a relatively small 
investment in control equipment will 
offer a protection that cannot other- 
wise be obtained. 

I-f. Lack of periodic inspection 
of vital equipment, and failure to 
authorize necessary repairs. This 
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phase of the topic is very closely allied 
to that just discussed, and it is one that 
apparently has never received the atten. 
tion it deserves. One cannot spend much 
time around a shop that is engaged jp 
overhauling and repairing drilling con. 
trol equipment without gaining the dis. 
tinct impression that much of the 
equipment is in considerably worse con. 
dition than the owner realized. It is yn. 
fortunate that very few of the work. 
ing parts of most control devices are 
exposed to view, and it is often sur. 
prising the deplorable conditions jp 
which one will often find the inside of 
a blowout preventer or valve, while the 
outside may be in beautiful condition— 
even to the extent of a fresh coat of 
paint. Therefore, the conscientious ops) 
erator should not overlook the i 
tance of thorough inspection of all yi 
equipment at frequent intervals, 
most popular types of modern con 
equipment are of extremely rugged 
struction but, under the rough usage 
which they are subjected, even the 
devices cannot be expected to remain 
in proper working condition indefinite. 
ly without some attention. The other 
point that should be stressed is that 
when equipment is found to be in need 
of repairs those repairs should be 
immediately, remembering that a sti 
in time saves nine. 

Some operators apparently are i 
clined to use as an argument against 
following of these rather simple 
that the time to do these things is 
available without interrupting drilli 
This is not a valid argument for 
reasons. First, inspection and repairs can 
usually be made during times when 
drilling operations have been interrupt- 
ed for some reason, such as waiting on 
cement or when moving locations. Sec- 
ond, even if it is necessary to suspend 
drilling operations when inspection 
repairs are made, the loss entailed by 
failure to make hole for a few hours is 
more than offset by the assurance gai 
ed that the control equipment 
function properly when it is called in 
use. Also, one should not overlook 
fact that even though the better 
signs of control equipment are so 
structed as to permit simple field 
pairs, a periodic shop overhaul and test 
should be the rule if one expects to ob- 
tain maximum useful service life and 
trouble free operation. The following of 
these maintenance practices involves 
such little cost that even the operator 
who is barely able to make his payroll 
should be able to afford them. ] 

I-g. Failure to give complete and § ,’, 
concise instructions to subordinates, | 
and insufficient supervision. The ne- } 2. 
cessity of giving complete and concist § tte 
instructions to the men charged with 
performing a certain task is so obvious § 3, 
that most operators would be surprised J 




















































BING PERFOR 
GAS LIFT 


ACTUAL PHOTOGRAPHS 
OF A PERFORATED SECTION 


L Straight-on outside view of tubing shows 
; tapered cylindrical insert in place. Note lack 
of distortion and the perfect fit of insert within 
the clean-cut hole. 


2, insert is driven 1/32” beyond inside diam- 
the eter of tubing. This lets inside perimeter of 

hole through tubing wall shrink or contract 
ond lock insert securely in place. 


3, Ths view illustrates the perfect round and 
‘- full opening maintained in the tubing. There 
"© No shoulders or restrietions-to prevent. swab- 
ing or runring of bottom hole Pressure gauges, 
paraffin scrapers or other sub-surface tools. 


TROL OF FLOWING WELLS 


ATOR SIMPLIFIES 


INSTALLATIONS 


ORIFICES OF ANY SIZE PLACED IN TUBING 
WALLS AT DESIRED DEPTHS WITHOUT 
MOVING TUBING OR KILLING WELL. 


Equipping a well for gas lift now requires only a few hours’ time. No longer 
is it necessary to pull the tubing to install jet collars or flow valves. Instead, the Otis 
Tubing Perforator is used to drive inserts containing orifices of a desired size through 
the tubing walls and to securely lock them in place. The complete operation is done 
under pressure on an ordinary steel measuring line in much the same manner as a 


bottom hole choke is run and set. 


PERFORATOR MECHARI- 
CALLY OPERATED — 
NO EXPLOSIVES 


Operated on an ordinary steel meas- 
uring line, the New Otis Perforator is 
basically of the same design as used suc- 
cessfully by Otis for the past several 
years. It is mechanical in operation— 
no explosives are used. Perforations can 
be made at any depth in the tubing 
string. 

With the use of tubing jars, a small, 
hardened steel insert containing an ori- 
fice is driven — the tubing walls. 
The size of the orifices ranges from 3x” 





to #y” in diameter. If a greater capacity is 
desired than will pass the largest insert, 
more than one may be used, or the insert 
can be eliminated altogether and an ori- 
fice of sufficient size punched directly 
through the tubing. 


INSERT SECURELY 
LOCKED IN PLACE 


The orifice insert is slightly tapered so 
that the hole punched into the tubing is 
expanded as the insert is driven to its 
ultimate position, which is #3” beyond 
the inside diameter of the tubing. This 
permits the inside perimeter of the hole 
punched in the tubing to shrink back of 
the insert, locking it against backward 
movement. The taper, of course, prevents 
forward movement of the insert. So se- 
curely is the insert locked in place that 
5000 p.s.i. pressure differential across the 
insert in either direction will not force it 
from its seat or cause it to leak. 


OTIS WIRE LINE SERVICE 


A fleet of highly mobile wire line 
service trucks, completely equip- 
ped and manned, is maintained for 
perforating work and installation 
and service of Otis Sub-surface 
Controls. This equipment, with 
skilled crews, is also available for 
wire line fishing jobs, paraffin 
cleaning, running of bottom hole 
instruments, or any wire line work 
under pressure. 




















to learn that it is not always done. How- 
ever, several blowouts that have occur- 
red may be traced to the fact that even 
though the superiors were aware that 
certain conditions existed which would 
require specific action at a given depth, 
this information was not passed on to 
the man in charge of the rig. This is 
one of the contributory causes of blow- 
outs under the control of management 
that costs absolutely nothing to correct, 
so the only excuse that any operator can 
offer who fails to observe this simple 
rule is, “I forgot.” The other phase of 
this particular topic is, that even though 
complete instructions are given, insuf- 
ficient supervision is provided to see that 
these instructions are carried out. One 
man cannot be expected to adequately 
supervise several rigs, particularly if 
they are on widely scattered locations, 
nor is it physically possible for one man 
to supervise even one rig 24 hr. a day 
indefinitely without relief. This is a 
point that certainly deserves careful 
consideration on the part of manage- 
ment, for it cannot be mere coincidence 
that a large percentage of the blowouts 
occur when no one is present at the rig 
but the drilling crews. 

I-h. Lack of a practical educa- 
tional and safety program. The 
value of a practical educational and 
safety program has been stressed by all 
writers on the subject of blowout pre- 
vention, and it is strange that so few 
operators have adopted such a program 
in view of the fact that practically no 
expense is involved. It has been stated 
many times that blowout occurrence 
can be successfully controlled only 
through close coordination and team 
work, As stated by Carpenter®: “Each 
workman should be warned of the dan- 
gers attending a blowout and be in- 
structed in safe methods of prevention. 
Explanation of the design, function, 
and operation of different kinds of pre- 
ventive equipment should be included 
in the instruction, with special emphasis 
placed on its manipulation. There is no 
substitute for actual practice as a means 
of learning to operate any mechanism, 
and daily drill periods for each crew of 
workmen are strongly recommended. A 
‘blowout drill,’ as it is frequently called, 
serves to test all preventive equipment 
(blowout preventers, flow-line valves 
and pumps) and to furnish the work- 
men practice in its manipulation. 

“Blowouts often occur when least 
expected, and quick action is necessary 
to prevent serious damage to well and 
equipment. To facilitate coordination, 
each member of the drilling crew should 
be assigned to a post of duty to which 
he should go immediately when an 
alarm is sounded . . . Each ‘blowout 
drill’ should be pursued with as much 
diligence and dispatch as any other part 
of the drilling operations and should be 
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fully executed. Regular practice will 
promote better teamwork and tend to 
eliminate confusion, which sometimes™ 
exists as a result of excitement and 
fright.” Also Vietti and Levy* offer 
the following: “The point must be em- 
phasized that, after the installation of 
the most satisfactory of the various 
available methods of control, then the 
safety program is up to the operative 
personnel. A good, careful driller will 
have the least trouble, because he is 
essentially a safe workman. He must 
be allowed to play safe and he must not 
be pushed for footage at the expense of 
safety. Above all, his supervisors must 
be blowout conscious. Blowouts may 
and will be prevented if the whole or- 
ganization is behind this important 
safety program. Such a program will 
return exceptional dividends to the op- 
erator.” 

A well planned educational and safe- 
ty program is particularly essential dur- 
ing these war times, as the caliber of 
drilling crew personnel has been forced 
to an all-time low. It appears from re- 
plies to the questionnaire that some 
companies leave the matter of blowout 
education up to their safety department. 
The effectiveness of this plan is ques- 
tioned for it is doubtful that there are 
many safety engineers who are quali- 
fied to deal except in a superficial man- 
ner with the necessary safety factors 
required in preventing blowouts. Spe- 
cific suggestions on the education of 
workmen to make them blowout con- 
scious are offered in the following part 
of this paper. If management can be 
made to realize the importance of edu- 
cation from the standpoint of blowout 
insurance so that they will institute a 
planned program, a backhanded, but 
nonetheless beneficial, result would ac- 
crue in that in planning an educational 
program for the workman it would be 
necessary that the operators make a 
study of the subject and, hence, would 
be better educated themselves. 

Whereas, as stated before, it is almost 
impossible to offer an educational pro- 
gram which will effectively impress 
management, the problem should be 
much simplified when dealing with sub- 
ordinate personnel such as the drilling 
crew. One medium that should be high- 
ly effective but which has apparently 
been overlooked is by means of posters 
similar to those one sees around machine 
shops dealing with such safety precau- 
tions as the use of safety goggles, etc. 
Of course, one sees safety posters around 
some drilling operations. However, these 
posters are usually designed to reduce 
injuries to personnel by calling atten- 
tion to various occupational hazards. 
Since it is a well known fact that we 
learn more through our eyes than 
through our ears, it seems that the post- 
er medium of education offers great pos- 


sibilities in creating blowout conscioys. 
ness in the workmen. If you will ex. 
amine each of the causes of blowouts 
under the control of subordinate per- 
sonnel, all of you can, probably in , 
very short while, visualize posters which 
would not only call the workmen’s at. 
tention to the various hazards byt 
would also give information on the basic 
reasons as to why certain things are bad 
practice. 

The field of poster design is one en. 
tirely foreign to the author. However, 
in interest of illustrating the point, le 
us examine each of the causes of blow.’ 
outs which may be corrected by the 
men in the field, and attempt to sug- 
gest an educational poster devoted to 
each cause. 

II-a. Drilling gas sands too fast, 
The underlying reason for not drilling 
a gas bearing sand at too rapid a rate 
is that gas which is contained in the 
voids of the formation being drilled be- 
comes mixed with the drilling fluid a 
the bit penetrates the gas bearing strata 
and, thus, causes the drilling mud to 
became gas cut and lightened to the 
extent that it will not overcome the 
formation pressure. This is a very sim- 
ple concept, but one wonders how many 
present day drillers realize that this is 
what the superintendent has in mind 
when he instructs him not to drill a 
doubtful sand at faster than a given 
rate. It seems that this instruction, to- 
gether with the reason for it, could be 
well covered in a graphical manner by 
a poster. For example, a poster might 
be headed “Don’t Hurry When Drill- 
ing Gas Sands.” Below this there might 
be three schematic and somewhat fanci- 
ful cross-sectional drawings of the well 
bore and the derrick. The first drawing 
would show in suitable colors the hole 
full of mud whose weight is holding 
back pressures in shallower formations, 
these pressures being represented by lit- 
tle devils, and the drilling bit just en- 
tering a sand charged with gas, the gas 
being shown in red. The next drawing 
would show the bit entered some dis- 
tance into the gas sand, a pinkish tint 
to the lower end of the mud column, 
and a broad grin on the faces of the 
little devils. The third drawing would 
show the bit somewhat farther into the 
gas sand, a distinct red cast to the col- 
umn of drilling mud, which is, by this 
time, blowing over the top of the der- 
rick, and the little devils from the pres- 
sure bearing zones gleefully scampering 
up the hole. Of course, the drawings 
should be supplemented with printed 
explanation in bold type which the men 
would read after the drawings attract- 
ed their attention. 

II-b. Pulling drill pipe off bottom 
too rapidly. Even when the bit is not 
balled up, and when the drill collars are 
not oversize, there is a pressure drop at 
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the bottom of the drill stem when it is 
raised off bottom. This pressure drop 
is in proportion to the length of the 
drill pipe, the gel strength of the mud, 
and the rapidity of raising the pipe. 
Cannon! measured pressure drops of 
375 lb. per sq. in. and it is thought by 
Vietti and Levy® that the actual pres- 
sure drop is somewhat higher than meas- 
ured by Cannon. A pressure drop of 300- 
Ib. per sq. in. is equal to the removal 
from the hole of 800 ft. of mud weigh- 
ing 9.5 lb. per gal. Even momentary 


drops in pressure permit the entrance . 


of gas into the well with the result that 
the mud becomes gas cut and the final 
effect is the same as caused by drilling 
a sand too fast. Here again it is doubt- 
ful that any but the best drillers have 
ever stopped to analyze why they have 
been taught not to withdraw pipe from 
the hole too rapidly. In trying to bring 
this point home to them graphically, a 
poster somewhat along the same lines 
as the one just described might do very 
well, but another picture might be 
worth considering. Visualize a poster 
entitled “Don’t Pick Up the Pipe Too 
Fast or You'll Pull Hell Into the Hole,” 
with the first drawing showing the bit 
on bottom and the hole full of mud 
holding an artist’s conception of hell 
in check. The next drawing would show 
the pipe a short distance off bottom, the 
hole only partially filled with mud, and 
the inferno of gas rushing into the re- 
gion of low pressure below the drill 
pipe, and proceeding up the hole. 

II-c. Balling up the bit or drill 
collar by crowding in sticky for- 
mations, and II-d. Using too large a 
diameter drill collar. These two 
points are listed separately for the rea- 
son that they may come under the juris- 
diction of more than one person. How- 
ever, they may be discussed together 
since they are very closely related as a 
contributory cause of blowouts. It is 
probably obvious to most drillers how 
drilling sticky formations too fast will 
allow the cuttings to ball up and pack 
around the bit and how this condition 
is aggravated by oversize drill collars. 
It also should be apparent to them 
how these packed cuttings make a per- 
fect swab as the pipe is withdrawn from 
the hole. The danger entailed in pulling 
a balled up bit is so well known to most 
drillers that it is doubtful that it is 
ever done intentionally. Therefore, it 
is thought that a poster devoted to this 
topic should be so designed as to call 
attention to the fact that the bit may 
be balled up without the driller’s know- 
ing it. Since swabbing action is so well 
known and easily ynderstood, a draw- 
ing would not be necessary to illustrate 
the point, but would probably be de- 
sirable as an eye catcher. The poster 
might be headed “Don’t Swab Until 
Tubing Is Set,” and then point out the 
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importance of being sure that the bit 
is not balled up before picking up the 
pipe and how this may easily be check- 
ed by stationing a helper to watch for 
an overflow of mud from the hole as 
the pipe is withdrawn. 

II-e. Pulling pipe out of the hole 
before the mud is in proper condi- 
tion. It should be easy for even inex- 
perienced drillers to understand that 
even though the mud in the slush pit 
is in excellent condition, the mud in 
the hole may be in an entirely different 
physical state. Not only may the mud 
in the hole be full of cuttings, but also 
may be gas cut due to too fast drilling 
of a sand, or to swabbing action. Since 
the only satisfactory way of getting 
mud in the hole is through the drill 
pipe, it is obviously highly undesirable 
to have a well start kicking while pipe 
is out of the hole. Therefore, the only 
safe procedure is to lift off bottom and 
circulate a sufficient length of time to 
be sure that a complete cycle has been 
made and that the hole is full of clean, 
fresh mud before coming out of the 
hole. The length of time required to get 
returns from bottom, of course, varies 
with the size of the hole being drilled, 
the depth, and the capacity of the slush 
pumps. Since the time required for this 
operatoin is apparently often underesti- 
mated, a poster dealing with this sub- 
ject should clearly indicate the mini- 
mum length of time required under 
given conditions, in addition to an eye- 
capturing drawing pointing out the 
danger of coming out of the hole be- 
fore sufficient pumping has been done. 
Leaving the exact nature of the draw- 
ing to the poster designer, the chart 
showing the time required to get re- 
turns from bottom should, in interest 
of simplicity, be devoted to the par- 
ticular conditions that exist on that 
rig. This could be easily accomplished 
by leaving a blank space for the chart 
on the poster, but sending out with the 
poster several charts covering different 
pump sizes and hole sizes. The superin- 
tendent could then paste the chart that 
was proper for a given job on the poster 
before posting it. 

II-f. Failure to run fill-up pump 
frequently while pulling pipe from 
hole. All workmen, no doubt, under- 
stand that drilling fluid is displaced 
when drill pipe is run into the hole, and 
conversely, the level of the mud is low- 
ered as drill pipe is withdrawn. How- 
ever, there are many of them who do 
not realize how much the level is low- 
ered even in a comparatively large hole 
or how this condition is multiplied as 
the diameter of the hole decreases. One 
point that many of them may overlook 
is that the mud inside of the drill pipe 
should be disregarded because it usually 
flows out of the opening in the bit so 
slowly that a large part of it is lost as 


each stand is disconnected. Therefore, it 
is thought that an excellent subject for 
a poster would be the data given in 
tabular form by Carpenter, wherein he 
shows that withdrawing 100 ft. of 414. 
in. O. D. drill pipe from a 15-in. hole 
results in 10 ft. reduction in mud level; 
whereas, withdrawing the same pipe 
from a 7-in. hole causes a drop of 70 ft, 
A poster entitled “Don’t Forget to Fill 
Up When Coming Out of the Hole” 
might illustrate a sectiow of hole 100 
ft. deep and 15-in. in diameter, with 
the drill pipe in place and full of 10 Ib, 
mud exerting a pressure of 52 Ib. per 
sq. in. on bottom. Alongside this there 
would be a drawing of the same hole 


with the drill pipe removed, the mud 


level lowered 10 ft., and a pressure of 
47 lb. per sq. in. showing on bottom. 
Below this would be a pair of drawings 
illustrating the same condition for a 
7-in. diameter hole where the mud 
would be lowered 70 ft. and the hydro- 
static pressure reduced to 16 lb. 

II-g. Use of low pressure fittings 
in high pressure control manifolds, 
Any one who has ever spent much time 
around a drilling rig has no doubt seen 
vital control lines intended for han- 
dling high pressures but containing low 
pressure fittings, such as cast or malle- 
able iron, screwed end, tees and ells. 
Also, it is not uncommon to see high 
pressure flange connections hung to- 
gether with maybe three or four small 
square head bolts. Since the old adage 
about a chain only being as strong as 
its weakest link is so well known, it is 
hard to understand why even careless 
workmen will rig up connections, which 
they know to be important, with fit- 
tings which will not stand the pressure. 
Probably, many times they realize that 
the fitting is not the proper one to use 
in that place or that the bolts are not 
right for that flange, but since they 
can’t find the proper fittings or bolts 
at that minute, they go ahead and in- 
stall the wrong one with the idea that 
they will change it later, but forget to 
do so. This is one of the things that 
could be overcome by an adequate in- 
spection plan as mentioned earlier in 
this paper. However, in addition to this, 
the men should be taught that it is 
courting trouble to use light weight 
connections in high pressure manifolds. 
A poster devoted to this topic might be 
headed “Don’t Send A Boy to Do A 
Man’s Work.” It might show a fanci- 
ful drawing of a manifold made up of 
big, robust fittings obviously having no 
trouble holding the pressure in control, 
but containing a scrawny little fitting 
which is obviously sweating and strain- 
ing and on the verge of giving up. 

II-h. Procrastination in making 
rig repairs. Human nature being what 
it is, people are inclined to put things 
off until tomorrow. Therefore, it is not 
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too surprising to often find control 
equipment that needs repair, such as 
new packing in a blowout preventer, 
and even though the drilling crew is 
aware of this need, they just have not 
gotten around to doing it. It probably 
doesn’t occur to the men, but it is none- 
theless true, that control equipment in 
bad repair is almost as bad as no contral 
equipment at all. Obviously, several 
good posters could be designed around 
this subject using such catch phrases 
as, “A stitch in time saves nine,” “Do 
it Now.” etc. . 

II-i. Continuing to drill or circu- 
late during a heavy rain. Heavy 
rains present an ever present hazard for 
they will soon thin and lighten the drill- 
ing mud to the danger point. The safest 
procedure is to shut down the pumps 
and pull the pipe up into the casing or 
out of the hole when a really heavy rain 
storm occurs or threatens. However, 
this cannot always be done and, since 
even a light rain may do more harm to 
the mud than may be imagined, the men 
should be schooled in paying particular 
attention to the condition of the mud 
during bad weather so that the addi- 
tion of weighting material or similar 
steps may be taken before it is too late. 
To illustrate the point, a poster entitled, 
“Drilling Mud Hates Rain,” would 
show the cross-section of well bore and 
derrick with the sun shining and the 
heavy drilling mud (indicated by a dark 
color) holding the little gas devils in 
check. The next picture would show 
the rain coming down, the mud diluted 
(as indicated by a lighter color), and 
the little gas devils entering the well 
bore. Printed matter below these draw- 
ings would give specific instructions to 
be followed during a rain storm. 

II-j. Failure to maintain the re- 
serve mud supply in condition for 
use, The importance of an adequate 
reserve supply of drilling mud for use 
in an emergency was discussed in the 
early part of this paper. However, drill- 
ing mud in the reserve pits is of little 
value if it is not in condition for almost 
instant use. This is a fact which is often 
overlooked by the drilling crews and, 
as mud lying idle usually deteriorates 
rather rapidly, it is often found that 
the reserve mud cannot be used when 
it becomes necessary to call it into serv- 
ice. A poster which might aid in keep- 
ing this matter under the attention of 
the workmen might simply show a pic- 
ture of a mud pit which is dried out 
and cracked open due to evaporation 
and could be entitled “Don’t Forget 
About Your Reserve Mud Supply.” Be- 
low the picture there should be a brief 
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statement as to the importance of re- 
serve mud with suggestions for keeping 
it in the proper condition for use. 

II-k. Lack of general vigilance 
for the urimistakable signs of gas. 
Although one often hears statements to 
the contrary, it is doubtful that any 
well ever blows out entirely without 
warning. Often a blowout may be at- 
tributed to abnormal pressures for the 
reason that the mud had been checked 
immediately prior to the blowout and 
found to be in proper condition. How- 
ever, when the trouble is later over- 
come, the pressures are found to be nor- 
mal and, therefore, the mud in the hole 
must ot have been in proper condition. 
If all the facts could be learned, there 
would probably be ample evidence be- 
fore the blowout started that trouble 
might be expected. Experienced and 
careful workmen are familiar with the 
unmistakable signs such as the pump 
speeding up, the mud level in the pit 
rising or falling, a back flow through 
the drill pipe when making connections, 
etc., which give warning of impend- 
ing trouble. However, there are prob- 
ably many workmen in the field today 
who would probably not even notice 
these occurrences and, if they did, 
would not realize their significance. 
Therefore, it seems that a whole series 
of posters might be devoted to this 
topic, each poster treating with one of 
the advance notices that blowouts us- 
ually give, and pointing out that it pays 
to believe in signs. 

II-l. Failure to obey specific in- 
structions. Replies to the question- 
naire indicate that several recent blow- 
outs may be largely blamed on the fact 
that the men did not follow specific in- 
structions. The reason for not having 
followed instructions is not clear, but 
regardless of whether it was due to 
carelessness, negligence, or to the driller 
thinking he was smarter than the man 
giving the instruction, it appears that 
it should be reimpressed on the men that 
when specific instructions are issued 
there is a valid reason for them, and 
that they should be followed if it is at 
all possible to do so. Of course, if a man 
insists on disobeying instruction, he can 
always be disposed of. However, this 
seems to be a negative attack as the 
damage will have already been done. 
Since it is well known that men are 
more inclined to cooperate in following 
instructions when they know the rea- 
son behind the instructions, it is thought 
that the general educational program 
which has been suggested above will be 
beneficial from this standpoint alone. 
However, some further good might be 


accomplished by a series of posters de. 

voted to such subjects as “Pay Atten. 

tion,” “Don’t Let Instructions Go Ip 

One Ear And Out The Other,” “If Yoy 

Don’t Understand Instructions, Don’t 

Be Afraid To Ask Questions,” etc, 

The above remarks have given con. 
siderable emphasis to an educational pro- 
gram through the medium of posters, 
as it is thought that such a program 
could be set in motion without much 
delay and is,one which has been proven 
highly effective in other fields of en- 
deavor. However, an educational pro- 
gram should not be restricted to this 
one medium but should include the con- 
ventional educational means of written 
texts and personal instruction. In re- 
gard to written texts, the Naval Air 
Forces have developed a scheme, which 
though rather unconventional seems to 
be highly effective, whereby the tech- 
nical points are supplemented by car- 
toons showing what may happen as a 
result of an error in judgment or of not 
following instructions. In these car- 
toons, Dilbert, an imaginary student 
who does everything wrong, makes 
vivid with bitter humor, mistakes which 
might otherwise be learned only through 
costly experience. The preparing of a 
comprehensive educational program will 
no doubt entail considerable effort; 
however, there is little question but that 
the dividends will be out of all pro- 
portion to the time and labor expended. 

In conclusion, it may be stated again, 
as it has been stated many times before, 
that the prevention of blowouts lies in 
the hands of the operators and their 
personnel. The combination of blowout 
conscious management, good equip- 
ment, proper drilling mud, and well- 
educated and well-trained drilling crews 
is the best blowout prevention insur- 
ance available. 

Bibliography 

1. “Changes in Hydrostatic Pressure Due to 

Withdrawing Pipe from the Hole,” Geo. E. 

Cannon, A.P.I. Division of Production, 

Southwestern District, Fort Worth, Texas, 

April 20-21, 1934. 

“Evaluation of Rotary-Drilling Muds,” by 

P. H. Jones and E. C. Babson, A.P.I. Drilling 

and Production Practice, 1935. 

3. “Blowout Prevention and Control,” by W. 
V. Vietti and A. G. Levy, Oil and Gas Jour- 
nal, June 6, 1935. 

4. “Deep Well Drilling Problems and Their 
Solution,” by K. C. Heald, Oil Weekly, June, 
1936. 

5. “Field Control of Drilling Mud,” by P. H. 
Jones, Oil and Gas Journal, June 3, 1937. 

6. “Some Causes of Blowouts During Drilling 
and Means of Prevention with Special Refer- 
ences to the Gulf Coast Region,” by Charles 
B. Carpenter, U. S. Bureau of Mines. 


wwew 


nN 




















‘Chen 
ue oO 
lemoy 


when 


fay 








THE PETROLEUM ENGINEER, Reference Annual, 1944." 








SO 
Ow’ NY 





their 





ISSION EQUIPPED 


~ OR LONG TROUBLE-FREE SERVICE 


well- 
crews 


insur- MISSION Slush Pump VALVES 


Vith the Mission principle of “Change the bushing and save the 
wat,” you save an 18 pound seat by changing a one pound wear- 
‘king bushing. Or in terms of money, you save a seat costing $15 
Due to fSeties 3. Other sizes in proportion)‘by merely replacing the worm 
Geo. E. Jushing with a new one costing $1.75. 


action, In many instances the life of Mission Valves has been extended 


Texas, 110% to 500% longer by the operator giving attention to replacing 
@ wear-taking bushing at the proper times. 

ds,” by 

Drilling MISSION Fluid End PISTONS 


by W. ‘Caange the rubbers and save the piston.” When rubbers are worn 

u don’t have to throw away the entire piston. Simply remove 
te old rubbers and save the body. It’s not even necessary to 
Their "move the piston body from the rod. You save on shut-down time 
wien rubbers are changed. With the new Mission Rubbers installed, 


1s Jour- 











ly une, r * 

J “8 piston is ready for another long run at a fraction of the cost 
y PH. %a@new piston. 

937. 

Drilling 

| Refer- 

Charles 





Se eee F 





MANUFACTURING CO. 


HUMBLE ROAD HOUSTON, TEXAS 














MISSION PISTON RODS 


...have been the choice of leading operators all over the world 
for years. The excellent wearing properties of the file-hard surface 
is due to Mission's special combination of heat treatment and rod 
material. These rods combine a core tensile strength of over 120,000 
pounds per square inch with exceptionally high ductility. This com- 
bination of strength and toughness gives a maximum protection 
against rod breakage. 


MISSION Self-Sealing GLAND PACKINGS 


Pump pressure acts on packing lips to automatically tighten pack- 
ing. No pressure in cylinder. Packing runs free during return stroke. 
Result: Mission Packings seal perfectly all the time, with a great 
reduction of packing and rod wear. Proved in all the world’s major 
oil fields to outwear and out-perform by far any conventional gland 
packing. 

a 


Use all Mission pump parts for 
best all-round pump performance 













MANUFACTURERS OF: 
MISSION SLUSH PUMP VALVES MISSION SLUSH PUMP PISTONS 
MISSION PISTON RODS  =§ MISSION GLAND PACKINGS 
MISSION ROTARY SLIPS MISSION SWABS MISSION PLUG VALVES 



































P 427. 


Coring With a Reverse Circulation Rig* 


By LEWIS FINCH, JR., and WHITNEY M. ELIAS 


ORING of geological sections has 
long been accepted by the oil in- 
dustry as a means of determining physi- 
cal characteristics of underground reser- 
voirs. In some geological sections repre- 
sentative samples, for example from 
sand and shale sections, taken in con- 
junction with other methods of forma- 
tion logging, are sufficient for evaluat- 
ing controlling characteristics. How- 
ever, in other sections, particularly the 
dolomitic limestone sections in West 
Texas, where it is extremely difficult to 
determine accurate formation charac- 
teristics by methods other than coring, 
it is almost essential that continuous 
cores of the producton section be cut 
and recovered. Incomplete core recov- 
ery is often of no value. Therefore, even 
if it were considerably more expensive 
than procedures normally employed, 
any applicable method of coring that 
will result in recovery of the entire 
section cut is worth investigation. 
The necessity of pulling drill pipe to 
recover cores has been partially over- 
come by the use of the wire line core 
barrel, but the amount of core being 
recovered in this manner is not known 
until after pulling the barrel. 


The reverse circulation coring proc- 
ess has been used with core drill equip- 
ment. The possibility of adapting a 
similar principle in conventional rotary 
coring appeared feasible. Three factors 
led to conducting the experiment on a 
reverse circulation rig in preference to 
a large rotary rig. 


1. In many operations in West Texas 
reverse circulation rigs, using oil as a 
circulating medium, drilled the pay sec- 
tion after the oil string had been set. 
The equipment was simple and rela- 
tively light and could be economically 
adapted to reverse circulation coring. 


2. The size of the formation cut- 
tings recovered with normal reverse 
circulation rigs indicated that normal 
circulation volumes and pressures in the 
fluid stream were sufficient to raise a 
core fragment to the surface. 


3. The proved feature of providing 
a quick reversal of fluid input from the 
annulus to the drill pipe also appeared 
attractive as a means of dislodging 
“bridged” core fragments from the 
drill pipe without a pulling job. 

In adapting the reverse circulation 
rig for this process several factors had 
to be considered; first, the experimental 
nature of the project would not war- 


*Presented before American Petroleum Institute Mid- 
Continent District Division of Production, Tulsa, Okla- 
homa, May 25-26, 1944. 
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rant purchase of the patented drill pipe; 
second, it was very questionable 
whether purchase of the special drill 
pipe would be permitted under war 
emergency orders; third, the curvature 
of the conventional gooseneck was too 
sharp to permit free passage of core 
fragments and fourth, internal diame- 
ters of various conduits through which 
the core would travel from the core 
head to the discharge box varied to such 
a large degree that serious complica- 
tions were anticipated as a result of 
variation in fluid velocity from point to 
point. 

With these primary factors in mind, 
the problem was attacked by both the 
rig owner and oil operator. Several fun- 
damental changes were made in the 
equipment preceding the first trial 
runs. It was found that the hexagonal 
kelly and rotary drive bushing, an in- 
tegral and essential part of the rig, were 
the main restrictive elements. The in- 
side diameter of the kelly was the maxi- 
mum limit to the size core that could 
be cut and retrieved. With 51-in. oil 
string, a 43/4-in. cutter head was the 
largest size that could be used. The 
formation to be cut was a hard an- 
hydritic dolomite that required the use 
of a hard formation cutter head. Two 
types of cutter heads were available; 
one with a 2!4-in. and the other with a 
1 11/16-in. core course. As 2-in. E. U. 
E. tubing with an I. D. of 1 15-16 in. 
was being used for drill pipe the latter 
was satisfactory. The standard goose- 
neck was replaced with a piece of 2'/- 
in, tubing bent with a 4-ft. 6-in. radius 
of curvature and a 2'-in. by 3-in. 
swage was fixed to the downstream ex- 
tremity. This swage contained a 2-in. 
nipple that extended through the rotary 
hose coupling to prevent obstruction 
occasioned by cores lodged in the coupl- 
ing. The internal diameters limiting core 
travel were fixed as follows: 1 11/16 
in. through the cutter head; 214 in. 
through the 4-ft. 6-in. drill collar; 
1 15/16 in. through the 2-in. E. U. E. 
tubing; 21% in. through the kelly; 
2 7/16 in. I. D. through the gooseneck, 
and the 3-in. rotary hose to the sump 
box. 


The rotary table r.p.m. was from 45 
to 52, the weight carried on the core 
head was from 8,600 to 12,000 Ib. and 
the pump pressure was from 350 to 400 
lb. per sq. in. Later modifications were 
made as the needs arose and included 
elimination of the drill collar and re- 
placement of the rotary hose with 214- 
in. by 30-in. segments of tubing added 
or withdrawn from the gooseneck, de- 


pendent upon the height of the kelly 
above the drive bushing. 

Most of the trouble initially experi- 
enced was due to core fragments lodg- 
ing in the top part of the cutter head 
immediately below the drill collar, of 
in the tubing couplings. A 13/4-in. I. D, 
mandrel was inserted in the cutter head 
section and extended from slightly 
above the core catcher in the core head 
into tie drill collar sub a distance of 
12 in. (This mandrel was later removed 
and replaced with a sleeve which, in 
effect, plugged the fluid courses and 
required all fluid and cuttings to pass 
through the core course with the core, 
It was reasoned that this would assist 
in breaking off the cores in a much 
simpler manner.) Immediately below 


’ this mandrel there was inserted a hard 


formation core catcher, with 3 of the 
6 fingers removed to assist, among other 
things, in breaking off the cores with- 
out raising the core head off bottom. 
Lodging of cores in tubing couplings 
was overcome by inserting 2-in. by 
34,-in. ferrules in all the tubing collars, 
The modifications thus far had elim- 
inated a large portion of the sub- 
surface difficulties. After changing the 
gooseneck to 2-in. E. U. E. tubing and 
replacing the old rotary hose with a 
new one and supporting the lower part 
of the hose with a 25-ft. trough made 
of half of a 12-in. pipe, 95 per cent of 
our trouble had been eliminated. The 
remaining 5 per cent was occasioned by 
lodging of core fragments in the tub- 
ing. A mandrel with two Skinner swab 
rubbers was made and when the frag- 
ments became lodged the circulation 
was reversed and the mandrel pumped 
down to dislodge the fragment. 


While many of the initial problems 
had been overcome by these improve- 
ments flexibility had not been obtained. 
It was realized that almost 100 per cent 
of the core cut was being recovered but 
the adaptation of this method to con- 
ventional rotary rigs was questionable 
without further modification. The 
sharp core fragments were cutting the 
inside of the rotary hose and certain 
obstructions still existed in the goose- 
neck. To increase equipment flexibility, 
eliminate core obstruction and rotary 
hose wear, a conventional core barrel 
was inserted in the drill string immedi- 
ately below the kelly. In this manner 
the core was circulated to the surface, 
caught in the core barrel and later re- 
moved without pulling the pipe. This 
revision eliminated the previous fe- 
quirement for one member of the drill- 
ing crew at the sump box to handle the 
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cores recovered. When the core barrel 
was first used in this manner, it was 
found that when about 5 ft. of core 
occupied the core barrel the circulating 
pressures increased to 800 Ib. per sq. in. 
or more, probably due to restrictions in 
fluid courses by the inner barrel and 
piston action of the core in the barrel. 
The inner barrel was removed and the 
core catcher attached to the outer 
barrel. This experimentation has been 
very recent and it is therefore impos- 
sible to determine what further modifi- 
cations will be required; nevertheless, it 
is evident that slight alterations can be 
made to overcome objectionable fea- 
tures. Present costs for these modifica- 
tions on the standard reverse circula- 
tion rig are approximately $250. 

The preceding discussion of the me- 
chanical problems encountered and 
their eventual solution was given to 
indicate the relative ease with which 
these revisions could be made. 

The obvious object of this experi- 
ment was to increase core recoveries. 
The results obtained in six West Texas 
dolomite wells show that out of 724 fc. 
cored, 702 ft. of core were recovered 
with a recovery efficiency of 97 per 
cent. The average coring time was 58 
minutes per foot. Each core head used 
out approximately 25 ft. of section and 
the average total cost of a job was 
$2,336.98. This resulted in a cost of 
$19.37 per ft. of core cut, or $19.97 
per ft. of core recovered. In all 6 wells 
the circulating fluid was oil. 

In the 6 hard dolomite sections cored 
the fragmentation of cores was not 
noticeable. During the early stages of 
the experiment when core fragments 
lodged in the cutter head and tubing 
couplings the cores were relatively 
short and averaged about 2 in. in 
length. As improvements in the method 
were made and the core suffered less 
jarring the sections recovered averaged 
about 4 in. in length which is sufficient 
for most laboratory analyses. It was 
noticed that in some instances pieces of 
formation lying adjacent to the drilled 
hole were dislodged and circulated to 





the surface.- This was realized when 
sections recovered totaled more than 
the sections cut and care had to be exer- 
cised to eliminate these fragments from 
core recovery considerations. 

As a matter of comparison, represen- 
tative data have been reviewed for 
other types of drilling-in methods: (1) 
Reverse circulation drilling using a bit 
instead of a core cutter head and using 
oil as a circulating medium; (2) con- 
ventional rotary coring using a com- 
mon core barrel. Drilling and coring 
statistics on all three methods are di- 
rectly comparable because the wells 
analyzed were drilled in the same or 
similar field and geologic section. 
Straight reverse circulation drilling cut 
the formation at a rate of 17 minutes 
per ft. while conventional rotary coring 
and the reverse circulation coring took 
about 31/2 times longer to penetrate a 
similar interval. In comparing the cost 
per foot penetrated straight reverse 
circulation drilling costs $3.20 per ft. 
while the other two methods cost about 
$19.00 for a similar interval. This 
would indicate that the cost of coring 
similar sections would be almost 6 times 
as expensive as straight drilling. 

Of most importance is a comparison 
of conventional rotary coring with re- 
verse circulation coring. 

Conventional rotary coring requires 
pulling the drill pipe to recover the 
core. As a general rule the per cent of 
core recovered leaves much to be de- 
sired. It is estimated that this method 
results in approximately 55 per cent 
recovery in the area analyzed and con- 
sequently the cost per ft. recovered 
relative to the cost per ft. cored in- 
creases significantly from $19.00 to 
about $33.00. Coring with reverse cir- 
culation has resulted in recoveries 
closely approximating 100 per cent and 
consequently the cost per ft. pene- 
trated and the cost per ft. recovered 
are nearly equal, averaging $19.00 to 
$20.00 per ft. Actual comparison be- 
tween these two methods shows that, 
in the area analyzed, conventional 
rotary coring costs 1.66 times more per 














Secondary Recovery in War Program 


“In our search for new oil reserves, too little attention is being given to 
one of our most valuable tools for discovering additional crude oil reserves. 
By changing our thinking from terms of new oil reserves to terms of old 
reserves, we have a very valuable tool in secondary recovery. The two 
methods of secondary recovery now being practiced on a commercial basis 
are water flooding and gas or air injection. These techniques of oil produc- 
tion are bringing about a reappraisal of the oil reserves of the nation. * * * * 
In many instances, the oil recovered through secondary recovery, from 
individual properties has considerably exceeded the primary recovery. Also, 
where it has taken 25 to 50 years to produce a given quantity of oil by 
primary operations, with operating and other expenses continuing over an 
equal length of time, water flooding of the property has recovered the same 
volume of oil in from three to five years.” 

—Charles B. McClintock, PAW, before A.P.1., Tulsa, Oklaboma, May 27, 1944. 
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ft. of core recovered than reverse cir. 
culation coring. 

Based upon these facts and figures 
the results of the experiment appear 
favorable. Core recovery was definitely 
increased, the cost per ft. of core re. 
covered was decreased and a reverse cir- 
culation rig was modified, at a mini- 
mum expense, to accomplish these ob- 
jectives. 

Experimentation along these lines js 
being continued and at present it ap- 
pears feasible to adopt certain features 
of this development to coring in gen- 
eral. It is very possible that internal 
streamlined drill pipe can be used on 
a conventional rotary rig adapted to 
reverse circulation, the core head placed 
on the drill collar and the core barrel 
run immediately beneath the kelly to 
effect a more exact coring program. 
Many times it is desired to core for the 
purpose of locating the top of a pay 
zone or other geological marker where- 
by penetration would be reduced to a 
minimum. With the: present procedure 
it is necessary to predetermine the foot- 
age to be cut and when the core is cut 
it must be pulled to ascertain the facts. 
The reverse circulation continuous cor- 
ing method, where feasible, will permit 
examination of the core as it is cut foot 
by foot, if necessary, without com- 
pletely pulling the drill pipe. If these 
modifications are extended to conven- 
tional rotary equipment there will be 
a real incentive to build more durable 
core heads. At the present time a core 
head need last only long enough to cut 
a core equal to the length of a core 
barrel. 

Comparisons presented in this paper 
are based purely on experience gained 
in hard dolomite sections in West 
Texas. A few limited experiments have 
been made to determine, in a prelimi- 
nary way, whether or not a comparable 
method of coring by reverse circula- 
tion might be feasible in unconsolidated 
sand and shale sections in the Gulf 
Coast. These experiments indicate that 
large amounts of shale in the section 
being drilled tend to plug the fluid 
course in the bit. On the other hand, 
unconsolidated sand cores are extremely 
friable and, due to the vibrations caused 
by core fragment movement to the sur- 
face, might be expected to break up 
or disintegrate completely. It may or 
may not be possible to eliminate. this 
type of difficulty in unconsolidated 
sand and shale sections. 

In conclusion, results of experiments 
indicate that continuous coring with 
reverse circulation using either oil of 
mud may prove both feasible and bene- 


ficial in certain consolidated sand and _ 


limestone sections. The application of 
the same process in more friable sections 
will be considerably more complicated. 
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Bucyrus-Erie Spudders 
put NEW meaning in... 


With Bucyrus-Erie Spudders, mobility 
means more than mere “movableness;” 
it means really fast tear downs, speedy 
moves, and quick set-ups on new loca- 
tions — for all three can be done in an 
eight-hour shift with as few as two or 
three men. 

This kind of mobility cuts idle-rig time 
to a bare minimum, allows more time 
for actual drilling. The result is increased 
profit, for spudders make money only 
when they're making hole. 

The secret of the moving speed of 
Bucyrus-Erie Spudders lies in their 
sturdy, compact construction, all-round 
balance, quick-telescoping derricks, 
efficient mountings. These features com- 
bine to give you spudders that really 
“get around.” 

And speed is the keynote of drilling 
with Bucyrus-Erie Spudders, too. The time 
saving efficiency of quick moves plus the 
extra footage from fast drilling means 
more profit on your drilling jobs. Investi- 
gate these spudders now — they’re your 
key to extra money. 





ucyrus-Erie 


SOUTH MILWAUKEE, WISCONSIN, U. <8 rz 
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Drilling Fluid for the Completion of Shallow Wells* 


N the last few years, many hundreds 
I of wells have been drilled in Cali- 
fornia by the rotary method into zones 
having formation pressures as low as 50 
lb. per sq. in., and having permeabili- 
ties as high as 15 darcys. It may be 
stated that most of these were com- 
pleted as producers, despite the method 
of drilling and the lack of pressure in 
the zones. Nevertheless, it may be de- 
bated as to whether higher initials could 
be obtained by using better completion 
methods and a proper fluid for drilling 
into the producing zone. 


The majority of the wells were 
drilled and completed with water-base 
drilling fluid made from California 
native muds. Recently, however, con- 
siderable attention has been paid to im- 
proving the character of drilling fluids 
to lessen possible harmful effects on 
initial and settled production. 


Special fluids, either to drill in with 
or for final completion of the well, have 
been used in an attempt to improve 
productivity. These fluids have con- 
sisted of oil-base fluids, bentonitic gel 
fluids, and chemically treated water- 
base muds. 


Attention was directed to the pos- 
sible harmful effect on low pressure 
sands of too heavily weighted muds, 
which might force mud fluid into the 
sands. Consequently, the use of low 
weight, 70-75-lb. fluid, is now con- 
sidered the proper procedure. 

With the use of water-base muds, 
the effect on permeability of the water 
filtrate seeping into the sands or the 
formation of a “‘water block” were 
taken into account. Rapid completion 
following penetration of the sand may 
minimize these conditions. 


Thought was given by some that by 
the time a liner is run and the well 
completed, the effect on production of 
an excessively thick and perhaps im- 
previous mud cake occurring on the 
face of the sand which could not be 
dislodged by the low pressure forma- 
tional fluid, would be excessively harm- 
ful. This might be particularly true if 
very fine mesh perforations or gravel 
pack were used unless the annulus was 
thoroughly flushed. 

On a well completed last year two 
runs of the hole caliper were made, 
the second run being 5 hr. after the 
completion of the first run. This well 
was drilled with a good water-base mud 
in a highly permeable sand. Your at- 


*Presented before American Petroleum Institute Pa- 
cific Coast District Division of Production, Los Angeles, 
March 23, 1944. 
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tention is called to the thickness of the 
well cake deposited opposite the sands 
of the producing zone in this 5-hr. 
interval. This, of course, only shows the 
mud cake deposited. It is no measure 
of the filtrate water which must have 
penetrated the zone during this period 
of deposition of wall cake. (See Fig. 1.) 


Water-base fluids — effect of 
water on oil zones. From laboratory 
data and some field experience, it is 
common knowledge that water, par- 
ticularly fresh water, seeping into cer- 
tain sands in some way impairs permea- 
bility, which may result in a decrease in 
oil productivity. 

A well in the Signal Hill field com- 
pleted in the middle of 1930 for 80 bbl. 
per day average for the first month 
gradually built up in production until 
in 1934 it averaged 130 bbl. per day 
for a 3-month period. There was no 
change in the producing method em- 
ployed on this well yet gradually the 
production built up and water block 
in a tight sand is suspected as the cause, 
or reason for the low initial production. 

A well at Paloma was completed in 
sands of low permeability with water- 
base mud at rather a disappointingly 
low rate of 34 bbl. per day, 47.8 grav- 
ity, 360,000 cu. ft. During the suc- 
ceeding weeks, production from the 
well rose gradually to a figure of 85 bbl. 
per day, 54.5 gravity, 840,000 cu. ft., 
indicating an initial water block al- 
though another factor, gun-perforat- 
ing, may have influenced the well’s be- 
havior. 

One investigator has made labora- 
tory tests on the permeability of sands 
to various fluids. The results of the ex- 


Fig.1. Second run 5 hr. after first. Note 
wall cake increased thickness 


10" is” 


periment indicate that the permeability 
of a sand may be reduced as much a 
60 times when penetrated by fregh 
water. When the fluid was changed tg 
salt water on a core of a similar 
sand the permeability was reduced only 
20 times. Two other experimenters 
working independently of each other 
arrived at the same conclusion, n 

that any water loss into the product 
sand is harmful. 


The importance of this observatig 
is that although a little water loss j 
probably less damaging than a lot 
water loss, it is possible that the effec 
of the little may be greater than here 
tofore suspected. 

Impaired permeability may partic 
larly occur in sands of Continental des 
position, which contain ashy materi 
or a large percentage of feldspar, t 
gether with their decomposition prod- 
ucts, bentonite and kaolin, respectively, 
Some specific field experience can be 
cited. One well in the Mt. View field 
after being completed for 1160 bbl. per 
day of 21.3 gravity oil in the Chanac 
zone was killed and deepened. Later, 
when the well was plugged back to this 
zone, only 106 bbl. per day could be 
obtained on the recompletion in a head- 
ing flow. Another well in the same 
field flowing 784 bbl. per day net oil 
was killed with mud and water for the 
purpose of plugging. Upon recomple- 
tion, the best rate obtainable was 264 
bbl. per day. 

Experiments on sands in Coles) 
Levee, which contain a high percentage 
of feldspar, have shown a great dey 
crease in permeability when fresh 
water has been pumped through them 
for a number of hours. 


Experiments in the North Cole# 
Levee field and the Wilmington fidd % 
have indicated a few examples that 
production rates are lower upon recon 
pletion after wells have been killed wit 
water. 


The Temblor sands at Kettlem 
Hills often lose their productivity whe 
exposed to formational waters, n 
tating redrilling operations to bring t 
wells back on oil production. 

A Dominguez field well was co 
pleted as a 4000-bbl. producer. Owl 
to a leak in the tubinghead, it 
necessary for the operator to kill t 
well to change this connection. T. 
well was killed with water. When 
completed, the productivity index 
much less than on the original co 
tion, and although the well impre 
over a long period of time, it never 
gained its original productivity. 
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In the recompletion of some dam- 
aged wells an operator found that the 
recompletions were as good or better 
than the original completions. The 
operator attributes this to the short 
time interval the sands in these wells 
were exposed to the drilling fluid while 
recompleting. 

At Signal Hill a DeSoto zone well 
was completed with a conventiondl 
liner and the well was swabbed for 30 
days. During this period, over 600 bbl. 
of fluid, mainly salt water, was recov- 
ered from the interval opened. This 
recovered water was tested by the lab- 
oratory and traces of phosphate used in 
the drilling mud were detectible at the 
close of the 30-day period. While this 
is not a large volume of water, the 
presence of the phosphates definitely 
indicate that the water from the drill- 
ing fluid had invaded what should have 
been the producing zone. 

Effect of water on shales. Nu- 
merous runs of the hole caliper have 
shown that use of water-base mud 
causes beds of shale and clayey silts to 
run, in some cases, and to gradually 
slough off in other cases, to such an 
extent that the actual hole size opposite 
those formations may be twice the di- 
ameter of the bit size. 

Fig. 2 shows a caliper log run im- 
mediately after cleaning out the hole 
following the setting of the casing. 

We have considerable reason to be- 
lieve that the shales already soaked with 


Fig. 2. Effect of water-base fluid on 
shales 
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Fig. 3. Liner sheared off opposite 
cavity in shale 


drilling water continue to run some 
time after the liner is in place and the 
well is on production. Moreover, if 
there is considerable annulus between 
liner and the sand bodies, the shale will 
tend to pack between the sand and the 
liner and wholly or partially shut off 
production or collapse liner. This may 
account for the rapid decline in pro- 
duction often seen in low pressure 
zones. 

A well was completed in the Redon- 
do field in July, 1936, with Grade D 
pipe. Within a few days after the com- 
pletion of the well, on which the in- 
itial production was 161 bbl. per day, 
the liner collapsed and production 
dropped rapidly to a 50 bbl. per day 
rate. In the fall of 1943 it was decided 
to pull this liner and rework the well. 
Fig. 3 shows a caliper log of this well. 
The top of the collapsed liner was re- 
covered from a depth of 3369 ft. The 
reason for the collapse is more or less 
obvious from the hole caliper run. The 
15-in. diam. hole at this point indicates 
that the unsupported wall of the hole 
collapsed against the liner and sheared it 
at 3369 ft. 

Crude oil and oil-base drilling 
fluids. In view of the detrimental 
effect of water on some formations, as 
indicated in the laboratory at least, a 
few operators have resorted to various 
types of oil-base drilling fluids or plain 
crude oil for drilling in the zone. In 
addition, in case of oil-base fluids, there 
is some thought that a cake is formed 
which is thinner and less tough than 
a water-base cake, and is easily miscible 
in the formational fluid. 

Caliper runs show that very little 
formation, especially shales, slough off 
into the hole when using one type of 
oil-base fluid. Fig. 4 shows a caliper log 
on a well drilled in and partially wall- 
scraped using this same type of oil-base 
drilling fluid. Note that the shales have 
sloughed but little although the loose 
part of the sand washed out during the 
scraping operation. 

Moreover, experience on one well, at 
least, shows that there is no measurable 
build-up of cake with oil-base mud 
when standing in a well for the period 
of time necessary to run a liner and 





commencement of bailing operations 
This is shown by examination of Fig, 5, 
On this drawing, run No. 2 was made 
after the well had stood for 13 hours. 


Instead of oil-base drilling fluid, 
many operators have completed wells 
or attempted to, by either drilling in 
with crude oil or by drilling in with 
water-base fluid and wallscraping or 
washing with crude oil. 

This has been successful in a number 
or areas. In others, however, some types 
of shale begin sloughing very badly 
when the oil comes in contact with 
them and in some instances hole condi- 
tions becoming so bad that it was im- 
possible to run the liner without chang- 


ing the drilling fluid. In some areas that : 


contain shale affected by oil, it is prob. 
able that the shale continues to slough 
into the hole behind the liner after the 
well is on production, and may have the 
same effect as noted above, namely, that 
the well rapidly enters the stripper 
class. This condition would be aggra- 
vated by producing sand from the well 
which would tend to form a cavity in 
any sand body under shale. The shale 
would then slough from above the sand 
body into the cavity and partially or 
completely shut off production. The 
caliper log shown on Fig. 6 indicates 
that such a condition may exist. The 
well shown in this drawing was com- 
pleted in a sand-shale section several 
years ago in the Kern Front field. Dur- 


Fig. 4. Effect of oil-base fluid on hole 
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Opening New Production Fields 


FROM TEXAS TO THE ATLANTIC SEABOARD 











MODEL 6-WAKHU—diesel fuel — six 
cylinders, 6% in. bore x 6’ in. stroke, 
1197 cu. in. disp!., 169 hp. @ 1300 rpm. 


WAUKESHA 





MODEL 6-NKHU—diesel fuel — 
six cylinders, 7 in. bore x 8" in. 
stroke, 1962 cu. in. displ., 
208 hp. @ 1050 rpm. 


eS SRNR oe 


_ MODEL 6-LRHU — diesel fuel — six 
cylinders, 82 in. bore x 812 in. stroke, 
2894 cu. in. disp!., 308 hp. @ 1050 rpm. 





OIL FIELD POWER UNITS 


THE WIDER ADAPTABILITY of Waukesha-Hesselman Oil En- 
gines in drilling operations is one big reason why the 
demand for increased production is being met by wide- 
spread exploration and extension of field drilling. 


IN EXPLORATION .. . WILDCATTING . . . OR IN PROVEN TERRITORY 
... when drilling operations begin, these Waukesha- 
Hesselman Oil Field Power Units run on diesel oil. 
But, just as soon as gas is struck, continuing operation 
is on natural gas. 
FROM DIESEL OIL TO GAS...IN 4 SIMPLE OPERATIONS... 

1. Application of a gas carburetor 

2. Application of spark plugs 

3. Replacement of injectors with blind plugs 

4. Unbolting of the fuel pump coupling 


SN 






—an hour’s work—that’s all it takes to convert. No 
changing of cylinder heads, pistons or any internal 
parts. And, to go back to diesel-oil operation, you 
simply reverse the process. Even gasoline can be used 
as a fuel with the same simple conversion. 


AVAILABLE WITH STARTING ENGINES— All three of the Wau- 
kesha-Hesselman drilling engines shown are available 
with independent four-cylinder gasoline engine starters. 
No hand cranking is ever necessary. 


FOR EVERY OIL FIELD NEED — THERE’S A WAUKESHA ENGINE or 
Power Unit—310 horsepower to 30 horsepower diesel-oil 
fuels...410 horsepower to 10 horsepower gasoline or gas. 


Get Bulletin 1079 
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WAUKESHA MOTOR COMPANY, WAUKESHA, WIS. @ NEW YORK, TULSA, LOS ANGELES 
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In the recompletion of some dam- 
aged wells an operator found that the 
recompletions were as good or better 
than the original completions. The 
operator attributes this to the short 
time interval the sands in these wells 
were exposed to the drilling fluid while 
recompleting. 

At Signal Hill a DeSoto zone well 
was completed with a conventional 
liner and the well was swabbed for 30 
days. During this period, over 600 bbl. 
of fluid, mainly salt water, was recov- 
ered from the interval opened. This 
recovered water was tested by the lab- 
oratory and traces of phosphate used in 
the drilling mud were detectible at the 
close of the 30-day period. While this 
is not a large volume of water, the 
presence of the phosphates definitely 
indicate that the water from the drill- 
ing fluid had invaded what should have 
been the producing zone. 

Effect of water on shales. Nu- 
merous runs of the hole caliper have 
shown that use of water-base mud 
causes beds of shale and clayey silts to 
run, in some cases, and to gradually 
slough off in other cases, to such an 
extent that the actual hole size opposite 
those formations may be twice the di- 
ameter of the bit size. 

Fig. 2 shows a caliper log run im- 
mediately after cleaning out the hole 
following the setting of the casing. 

We have considerable reason to be- 
lieve that the shales already soaked with 


Fig. 2. Effect of water-base fluid on 
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Fig. 3. Liner sheared off opposite 
cavity in shale 


drilling water continue to run some 
time after the liner is in place and the 
well is on production. Moreover, if 
there is considerable annulus between 
liner and the sand bodies, the shale will 
tend to pack between the sand and the 
liner and wholly or partially shut off 
production or collapse liner. This may 
account for the rapid decline in pro- 
duction often seen in low pressure 
zones. 

A well was completed in the Redon- 
do field in July, 1936, with Grade D 
pipe. Within a few days after the com- 
pletion of the well, on which the in- 
itial production was 161 bbl. per day, 
the liner collapsed and production 
dropped rapidly to a 50 bbl. per day 
rate. In the fall of 1943 it was decided 
to pull this liner and rework the well. 
Fig. 3 shows a caliper log of this well. 
The top of the collapsed liner was re- 
covered from a depth of 3369 ft. The 
reason for the collapse is more or less 
obvious from the hole caliper run. The 
15-in. diam. hole at this point indicates 


commencement of bailing operations. 
This is shown by examination of Fig, 5, 
On this drawing, run No. 2 was made 
after the well had stood for 13 hours. 


Instead of oil-base drilling fluid, 
many operators have completed wells 
or attempted to, by either drilling in 
with crude oil or by drilling in with 
water-base fluid and wallscraping or 
washing with crude oil. 


This has been successful in a number 
or areas. In others, however, some types 
of shale begin sloughing very badly 
when the oil comes in contact with 
them and in some instances hole condj- 
tions becoming so bad that it was im- 
possible to run the liner without chang- 


ing the drilling fluid. In some areas that : 


contain shale affected by oil, it is prob- 
able that the shale continues to slough 
into the hole behind the liner after the 
well is on production, and may have the 
same effect as noted above, namely, that 
the well rapidly enters the stripper 
class. This condition would be aggra- 
vated by producing sand from the well 
which would tend to form a cavity in 
any sand body under shale. The shale 
would then slough from above the sand 
body into the cavity and partially or 
completely shut off production. The 
caliper log shown on Fig. 6 indicates 
that such a condition may exist. The 
well shown in this drawing was com- 
pleted in a sand-shale section several 
years ago in the Kern Front field. Dur- 


Fig. 4. Effect of oil-base fluid on hole 
size 
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_ ; crude oil for drilling in the zone. In 2210' {J , 
— —— ‘= eee addition, in case of oil-base fluids, there c= ‘| 
go’ ies" is some thought that a cake is formed +. IN 
_ Basture which is thinner and less tough than 2230) q a 
1200 Fj SHALE ™ +————— a water-base cake, and is easily miscible . 2 r 
1210" Ea - ; in the formational fluid. 2240 E R 
. ' > Caliper runs show that very little 2250 | {SH | nn 
1220 _ey formation, especially shales, slough off : " 
4 \ - : 2260 | FE = 
we’ fa te a oe _ MP age ti one type of 2 Fl 
. oil-base fluid. Fig. 4 shows a caliper log 2270 | Fy 
1240" —— 5} —__1+ __ on a well drilled in and partially wall- F: 
JSano |i scraped using this same type of oil-base 2280 
1250 1 a es See “We ° 
aa drilling fluid. Note that the shales have 2290) : 
| SS ee sloughed but little although the loose “lso | 
| arf part of the sand washed out during the 2300 | 
— ' | scraping operation. poner z | 
_ = SS Saas Se Moreover, experience on one well, at . E 
‘die S least, shows that there is no measurable 2320° + = SHY : 
somes ET . ae names build-up of cake with oil-base mud 2330' 4 | 
}300' _ when standing in a well for the period ; 2 
: t° tTLOG ENps 1303 of time necessary to run a liner and 2340} __ : 
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Opening New Production Fields 


FROM TEXAS TO THE ATLANTIC SEABOARD 









WAUKESHA 


OIL FIELD POWER UNITS 


THE WIDER ADAPTABILITY of Waukesha-Hesselman Oil En- 
gines in drilling operations is one big reason why the 
demand for increased production is being met by wide- 
spread exploration and extension of field drilling. 


IN EXPLORATION .. . WILDCATTING . . . OR IN PROVEN TERRITORY 
... when drilling operations begin, these Waukesha- 
Hesselman Oil Field Power Units run on diesel oil. 
But, just as soon as gas is struck, continuing operation 
is on natural gas. 


FROM DIESEL OIL TO GAS...IN 4 SIMPLE OPERATIONS... 
1. Application of a gas carburetor 
2. Application of spark plugs 
3. Replacement of injectors with blind plugs 
4. Unbolting of the fuel pump coupling 


oN 
pre 


MODEL 6-WAKHU—diesel fuel —six 
cylinders, 6% in. bore x 6'% in. stroke, 
1197 cu. in. disp!., 169 hp. @ 1300 rpm. 







MODEL 6-NKHU—diesel fuel — 
six cylinders, 7 in. bore x 8’ in. 
stroke, 1962 cu. in. displ., 
208 hp. @ 1050 rpm. 


ee SER ee 


_ MODEL 6-LRHU — diesel fuel — six 
cylinders, 8% in. bore x 8 in. stroke, 
2894 cu. in. displ., 308 hp. @ 1050 rpm. 





—an hour’s work—that’s all it takes to convert. No 
changing of cylinder heads, pistons or any internal 
parts. And, to go back to diesel-oil operation, you 
simply reverse the process. Even gasoline can be used 


as a fuel with the same simple conversion. 


AVAILABLE WITH STARTING ENGINES— All three of the Wau- 
kesha-Hesselman drilling engines shown are available 
with independent four-cylinder gasoline engine starters. 
No hand cranking is ever necessary. 


FOR EVERY OIL FIELD NEED — THERE’S A WAUKESHA ENGINE or 
Power Unit—310 horsepower to 30 horsepower diesel-oil 
fuels...410 horsepower to 10 horsepower gasoline or gas. 


Get Bulletin 1079 
Ce 


oOo ~— 


YS ? 


WAUKESHA MOTOR COMPANY, WAUKESHA, WIS. @ NEW YORK, TULSA, LOS ANGELES 
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Petreco Electric Dehydration oper- 
ating automatically, in vapor tight, 
A.P.1.—A.S.M.E. specification ves- 
sels, attains the lowest cuts, pre- 
vents extensive evaporation losses, 
retains true gravities and requires 


the minimum attention at all times. 


When crude oil is conditioned by 
the Petreco Process, the low resid- 
ual moisture content insures maxi- 
mum use of shipping facilities. 
With Petreco treated crude, you 


ship oil, not oil and water. 


COMPLETE OIL STATE 


WITH 








“Ochydratiow CONDITIONS 


iL $O THAT ALL DEPARTMENTS BENEFI} 


PIPELINE 


















DESALTING 


Petreco processed crude contains 
the minimum of B. S. and W.- 
thereby preventing the accumul:- 
tion of tank bottoms. Pumping 
operations are facilitated and pump 


pressures reduced. 


The low B. S. and W. content of 
Petreco-processed crudes assures’ 
minimum of moisture in the crude 
charge. This eliminates many I 
fining complications due to poorly 


conditioned crudes. 


PETROLEUM RECTIFYING 
COMPANY 


530 W. 6th St., Los Angeles 14, Calif. 

5121 S. Wayside Dr., Houston 1, Tex. 

648 Edison Building, Toledo 4, Ohie 

Representatives in principal prodve 
tion and refining centers 
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fig. 5. Filter cake vs. time; oil-base 
fluid 


ing its production history, the well 
made varying amounts of sand. Recent- 
ly, the liner was pulled and a caliper 
was run as shown. From the log it is 
gen that in two cases the shale had 
broken away above a sand cavity and 
presumably back-filled the annulus 
opposite the sand bed. 


The authors have only two sugges- 
tions to prevent such packing of shale 
behind liners. In those areas containing 
shale that is not affected by oil, the 
wells should be drilled in with crude oil 
or oil-base drilling fluid. In areas where 
shale is affected by oil, either drilling 
oil or formational fluid, the best solu- 
tion appears to be a conventionally 
gravel-packed liner regardless of sand 
conditions. 

Solid cementing and selective gun- 
perforating may also solve the problem, 
but this method is believed applicable in 
low pressure zones only in selected 
areas, 

Other drilling fluids. Besides ordi- 
nary water-base mud and various types 
of oil-base drilling fluid, two other 
drilling fluids can be mentioned. Some 
operators prefer to drill in or freshly 
wallscrape low pressure zones with the 
drilling fluid made from bentonite. This 
fluid makes a very lightweight mud 
that reduces the hydrostatic pressure 
against the zone and is believed to form 
a soft, easily removed cake. However, 
some laboratory experiments have 
shown that a bentonitic gel cake on 
sands of high permeability may be in- 
adequate to prevent actual penetration 
of the gel into the zone. Whether or not 
this is detrimental, is not known. 

A second completion fluid very 
tecently tried consists of water-base 
mud of a high alkaline value treated 
with hydrolized starch. This combina- 
tion is said to have the effect of greatly 
lowering the water loss and forming a 
Very thin cake, thus both decreasing 
the seepage into the sands of drilling 
water and eliminating any harmful 
effect due to the presence of a thick 
tough cake. It may have promise, espe- 


cially if salt water is used as the mix- 
ing medium. 

Effect of various fluids on pro- 
duction. Considerable data indicate 
that the presence of water, particularly 
fresh water, is detrimental to the ef- 
fective permeability to oil of many 
sands, especially those of low values. 
This condition, of course, would seri- 
ously impair production from low pres- 
sure zones. Therefore, it would seem 
logical that such zones should be drilled 
with some fluid other than water-base 
muds. Wells drilled with these other 
drilling fluids should therefore show im- 
provement in production over those 
drilled with water-base mud. However, 
it is extremely difficult to prove this in 
the field. In most fields in California, 
and particularly in the San Joaquin 
Valley, the low pressure zones vary 
greatly in sand content, permeability 
and saturation over short distances. 
Moreover, in the operator’s desire to 
obtain the best possible completion at 
the cheapest cost, it is difficult to im- 
press him with the value of any con- 
trolled research. For example, if a good 
completion is obtained with bentonitic 
gel, oil-base, crude oil, or plain mud, 
then there is no reason in the operator’s 
opinion to change to some other mud 
for any later well, for which he cannot 


be blamed. 


Despite these difficulties of control, 
there are some field data that offer a 
comparison of the effect of different 
fluids on production. 


Oil-base completions. In the West 
Coalinga oil field, several wells were 
drilled in one area to the Light Oil zone 
and to the Tar zone with various types 
of drilling fluids. In two wells, the 
zone was drilled and the well completed 
with water-base mud. Four wells were 
drilled and completed with oil-base 
fluid. Five wells were drilled with 
water-base mud and completed with 
one or another type of oil-base fluid. 
Table I shows the comparison of initial 
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Fig. 6. Showing condition of hole after 
pulling liner from producing well 


production and settled production in 
the second month. Due to the varying 
amounts of sand thickness, production 
rates were reduced to barrels per foot 
of sand penetrated. Sand counts were 
made as carefully as possible to include 
only that sand considered permeable by 
determination from core analysis, by 
sight, or in the case of lost cores, from 
the self-potential curve of the electric 
log. 

As seen from Table I, the poorest 
productivity occurs in those wells 
which were drilled and completed with 



























































TABLE | 
Production comparison—water-base vs. oil-base drilling fluid 
West Side Coalinga—Light oil zone = __Type fluid 
Sand | Gross Avg. bbl. Avg. bbl. ; 
count, | I. P., | Bbl. per pee Bbl. per | per day | Bbl. per| Drill Com- 
Well Perf. ft. bbl. | ft. sand mo.,| ft. sand | 2nd mo.,| ft. sand in pletion 
gross net 
1 av sracnataaiaes 10 32 3.2 30 3.0 27.5 2.7 WB. W.B 
2 ein ndiiat we teiclaia 14 70 5.0 55 3.9 49 3.5 O0.B. 0.B 
3 | RE 29 128 4.4 106 3.7 104 3.6 O.B. 0.B 
a | NA 17 83 4.9 65 3.8 50 3.0 O.B. OB 
5 tend inhwemd 15 51 3.4 46 3.1 40 2.7 O.B. O.B 
6 ee 14 55 3.9 48 3.4 20 1.4 WB. O.B 
7 G.P.—¥ in....... 28 132 4.7 124 4.4 104 3.6 W.B. 0.B 
Tar zone 
8 G.P.—\ in....... 26 65 2.5 65 2.5 54 2.1 wB OB 
9 G.P.—\% in....... 22 30 1.3 30 1.3 25 1.1 W.B O.B 
10 | GP—Y% in... 2. 2” | 4 | 16| 4 | 16] 30 | 11 | WB. | OB 
ll G.P.—Y in....... 25 27 1.1 24 0.9 18 0.7 W.B W.B 
W.B.—Water-base mud. ~ Q.B.—Oil-base mud. : 
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Type A oil base... 


Type B oil base... 5.00 1.75 | 0.59 
Bentonitic gel......| 0.35 0.35!) . 
Special chemically 


treated fluid 0.70 0.70 
Hole mud ; . ici 


Additions and treatment of cement cutting =0.50. 
*Based on volumes for 2200-ft., 65 in. hole. 





TABLE 2 
Cost of special fluids—dollars per bbl. 
Mixing | | Savings 
and | Total| on | Net 
wash. 


l l i | 
} | Re- | Trucking 
| Initial | covery | Net | and 

| | facil. 











$7.00 | $4.60 |$2.40 | $0.59* | $1.00 
3.25 59 | 1.00 | 3.34; 0.92 | 2.42 
0.62 


0.25 | 0.95 0.95 


oh hae 
; Remarks 
| bailing 


Wash with oil to recover 
Wash with oil to recover 


$3.99 | $0.92* |$3.07 


0.97 0.97 








water-base mud. In the Light Oil zone, 
the water-base well had the initial pro- 
duction of 3.2 bbl. per ft. of sand as 
against 5 bbl. per ft. of sand from the 
best well drilled and completed with 
oil-base mud. In the Tar zone, water- 
base initial production was 1.1 bbl. per 
ft. of sand. The best oil-base comple- 
tion was 2.5 bbl. per ft. of sand. In 
comparing wells in the Light Oil zone, 
there seems to be little advantage in 
drilling through the pay zone with oil- 
base mud over drilling through with 
water-base mud, but considerable ad- 
vantage in completing with oil-base 
mud, 

While it is felt that to draw con- 
clusions on results involving a compari- 
son of but two wells out of a group of 
11 would be presumptious, neverthe- 
less, the advantage of oil-base mud is 
indicated. 

Crude oil completions. Many wells 
have been successfully completed by 
using crude oil as circulating fluid and 
evidently its use is advantageous com- 
pared with the use of water-base mud. 
This seems to be particularly true when 
using perforation sizes other than very 
fine. When using fine mesh liners, how- 
ever, some fields experience indicates 
that it is difficult or impossible to re- 
move by thorough washing the oil- 
mud-water emulsion formed when 
drilling or wallscraping. This mixture 
may be so impervious as to actually 
shut off formation water. In a well of 


doubtful oil content drilled at Lost 
Hills, a 40-mesh liner was set after 
wallscraping and washing with oil. 
When the well was bailed dry, the liner 
was washed with distillate and the well 
completed for 15 bbl. per day of salt 
water. The liner was then gun-per- 
forated with half-inch holes and the 
well again recompleted for 130 bbl. per 
day of water. 

In other areas, however, it is reported 
the use of crude oil has shown consider- 
able increase in the initial and settled 
production over wells completed with 
water-base fluids. 

One of the reasons that crude oil 
can be successfully used in certain fields 
is because of the low bottom hole tem- 
perature. The relationship between this 
temperature and the solubility of shale 
in crude oil is not fully understood but 
from the effect of crude oil at high 
temperatures on shale it is suspected 
that straight crude oil cannot be used 
in areas where bottom hole tempera- 
tures are high. 

Special drilling fluid comple- 
tions. Comparative data are unavail- 
able by which conclusions can be 
drawn on the effect of using bentonitic 
gel muds or chemically treated muds 
for completion over the use of ordinary 
water-base mud. 

For the chemically treated. mud, the 
best that can be said is that it appar- 
ently has no detrimental effect as com- 
pared with wells completed with 








posited. 


pacity, were his conclusions. 








Hydraulics of Mud-Circulating Systems 7 


Under the above heading Wesley W. Moore of Tulsa, Oklahoma, presented 
a paper before the American Petroleum Institute at the Chicago, Illinois, 
meeting last Fall. His discussion did not relate to mud control nor mud 
conditioning, but dealt with a preliminary analysis of the problem of circu- 
lating an average rotary drilling mud down to and back up from the bottom 
of the well bore in such volume and at such velocity as to effectively remove 
drill cuttings from the face of the formation being contacted by the drill 
bit and to transport such cuttings to the surface where they can be de- 


The useful work accomplished by the circulating mud stream is normally 
very small in relation to the energy expended. Much of the hydraulic 
energy, supplied by the slush pump, is consumed by friction head within the 
drill pipe; whereas no useful work is accomplished by the mud stream until 
after it has left the drill bit. In most instances the overall mechanical 
efficiency of the mud-circulating system can be improved by closer atten- 
tion to the relationship of hole diameter, drill pipe size, and slush pump ca- 
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normal water-base fluid. One welj 
drilled in South Belridge was located in 
the middle of a group of wells complet. 
ed in the normal manner with the usy,| 
water-base mud. This well was drilled 
to the top of the zone with water-base 
mud, the casing set and the zone drilled 
with an excessively alkaline fluid trey. 
ed with hydrolized starch. Initial ang 
subsequent production is comparable 
to the average of the wells drilled with 
water-base fluid. 

Costs of use of drilling fluids, 
Table 2 shows a comparison of the cost 
of using two types of oil-base drilling 
fluid, bentonitic gel fluids, chemically 
treated fluids, and ordinary water-base 
mud. These are calculated on a per 
barrel basis and on volumes necessary 
for 2200 ft. of 6%-in hole. They in. 
clude trucking and other facilities 
wherever necessary, mixing time, and 
wash oil necessary to recover oil-base 
drilling fluid. Cost of oil-base mud is 
not calculated on initial cost but is 
based on recovery of, at least, 65 per 
cent of the total volume used. Very 
frequently 80 to 90 per cent is recover- 
able, but occasionally 50 per cent is lost, 
Therefore, the 65 per cent figure is used 
as a Conservative average. 

Conclusions. It is an obvious fact 
that, of the many shallow wells drilled 
in California in low pressure zones, 
most must be regarded as successful 
completions, though drilled without 
particular attention to the type of drill- 
ing fluid used. 

Whether or not the completions 
would have been larger if drilled with 
fluids other than standard water-bas 
mud is difficult to determine, but there 
is considerable unassociated evidence 
that this is the case. 

From the data presented, it may be 
concluded that: 

1. There is definite proof of seepage 
of water from the ordinary drilling 
mud into the sand bodies encountered 
in the hole. 


2. The seepage of fresh water into 
the producing sands should be kept at 
a minimum or eliminated entirely to 
insure maximum productivity. There's 
definite evidence that the use of oil-bas 
drilling fluid provides greater initial and 
settled production. 


3. The use of oil in areas where shales 
are present, that are apt to slough on 
contact with oil, should be avoided 
it may be harmful for the maintenance 
of sustained production. Sloughing, 
started by drilling oil, may be continv- 
ously aggravated by formation oil. 

4. The favorable results of fluid 
other than water-base muds are indi- 
cated by many examples of good well 
completions, but the final evaluation 
must be deferred for further study. 


www 
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America’s great Oil Industry has been 
called on to produce oil in greater quan- 
tities than ever before in the history of 
the world . . . and a recently completed 
well is symbolic of the Producing Indus- 
try’s record-breaking achievements in 
meeting this challenge. During the past 
two years, every previous production 
record has been broken in the task of 
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supplying the vast quantities of petroleum 
products needed to oil the war. 


In support of the current aggressive 
search for new producing horizons, 
Hughes Tool Company is on the job 
twenty-four hours a day . . . producing 
Rock Bits, Core Bits, Tool Joints, and 
other specialized tools needed to keep 
’em drilling. 
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A Method of Drilling in Deep Water* 





NTRODUCTION. New sources of 
petroteum and natural gas are be- 
neath large bodies of water such as the 
Great Lakes, except Lake Superior, and 
ultimately the continental shelves. 
It is now particularly desirable to ex- 
ploit the Great Lakes because: (1) There 
is an acute shortage of petroleum and 
natural gas in the surrounding area; 
(2) the Lakes are far inland and safe 
from enemy raiders, (3) they offer the 
shallowest possible sources remaining 
in this country, and (4) the water is 
not as rough as in the open seas. 

The one discouraging condition, 
floating ice in the winter, should offer 
no problem. 

In the Great Lakes, four places ap- 
pear attractive for prospecting for oil: 
(1) The western end of Lake Erie, (2) 
the northwest half of Saginaw Bay, (3) 
the east side of Lake Michigan between 
Benton Harbor and Ludington, and 
(4) the shallow south end of Lake 
Huron. 


The title to submerged lands be- 

ath navigable waters of the United 
States is owned by the various states. 
The boundaries are established. Leasing 
would have to be from the ‘states, but 
before mineral could be extracted, ap- 
proval must be obtained from the War 
Department. 


Methods of development. The 
shallower parts of such small bodies of 
water as the western end of Lake Erie, 
Lake St. Clair or Saginaw Bay, could 
be prospected and drilled by the sub- 
mersible barge of Giliasso,! one of which 
can keep a single string of tools running 
for about eight months of the year. 
Some of the deepest wells have been 
drilled from submersible barges in the 
bays and bayous of the Gulf Coast. The 
Cedar Point field in Galveston Bay was 
developed by barge drilling. This meth- 
od at present is limited to water less 
than 10 ft. deep, and is not suitable in 
open water like that offshore in the 
Gulf of Mexico or the Pacific Ocean. 


Conventional rigid foundations are 
unsuitable economically, although wide- 
ly demonstrated as capable of with- 
standing rough seas in 10 to 40 ft. of 
water. The cost of simple piling foun- 
dations varies from $5000 in the shal- 
lower waters of Lake Maracaibo and 
$14,000 in the shallow protected waters 
of Terrebonne Bay, Louisiana, to $75,- 
000 in 40 ft. of open water in the Pa- 
cific Ocean at Rincon, California, and 
all of these foundations are suitable for 


*Presented before American Institute of Mining and 
Metallurgical Engineers, Los Angeles, California, Octo- 
ber, 1943. 
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7000-ft. drilling.** Rock-filled coffer- 
dams, concrete-filled caissons and mul- 
tileg foundations of concrete-filled 
sheet-pile cylinders comprise the various 
types of lighthouse foundations used at 
Elwood, California. These cost from 
$35,000 to $90,000 and are satisfactory 
for the deepest drilling. Many wells 
can be drilled from one foundation by 
directional drilling. The design and 
other features of these foundations are 
covered in detail in a thesis by Gross.”° 
Specially precast sectional caissons® have 
been used for leg corners of founda- 
tions in 100 ft. of water in Lake Mara- 
caibo. 

Barge pile drivers cannot be used in 
the open ocean because even on a glassy 
sea the ground swells are about 6 ft. 
high, and these undulations cause such 
swaying of the barge that piles cannot 
be driven. To oversome this, Roberts* 
fabricated a tower 20 ft. square and 60 
ft. tall, which was erected by using four 
steel H-beams as the vertical legs, and 
making the structure rigid by suitable 
sway bracing. Fabrication was perform- 
ed on the end of a pier that was near 
the location of the proposed well. Four 
such units were built and a derrick 
barge then picked up these towers 
bodily and deposited them adjacently 
at the well location, so as to form a 
tower 45 ft. square rising 20 ft. above 
the sea. After plumbing, the framework 
was decked and braced to form a land- 
ing from which to begin construction. 
A knocked down pile driver and sup- 
plies were unloaded upon this platform, 
and after erection the driver proceeded 
with the construction of the drilling 


platform, which cost $75,000 when 
completed. 

The portable buoyant marine foun- 
dation shown in Figs. 1 and 2 is sug- 
gested for the 1500 to 3500-ft. drill- 
ing in the Great Lakes. This foundation 
should be suitable in water up to 100 ft, 
deep and should be constructed to of- 
fer maximum buoyancy. The cost 
should be about $3000 for 30 ft. of 
water. Buoyant timber skids A are built 
on the beach by securing side by side 
four pressure-creosoted 4 by 16 forties. 
Staggering could be lengthwise to af- 
ford a sufficiently long skid. A toe B 
is secured on the front to facilitate sub- 
sequent dragging. If dragging for miles 
is anticipated it would be wise to sheathe 
the underside of the skids with boiler 
plates. Creosoted timber pyramids E are 
built on the skids to afford ample bear- 
ing surface. §teel bed plates F keep the 
buoyant legs G from piercing the wood 
pyramids. Buoyant legs G are made 
from 7-in. o.d. 17-lb. range-1 casing. 
In the end of each joint a steel plate is 
welded, so that the pipe will be buoy- 
ant in water. The joints are screwed end 
to end to form the leg. Buoyant hori- 
zontal compression members H are 
made from the same type of casing and 
the ends are welded to the vertical 
members. Steel sway bracing I is made 
preferably from rods at least 1% in. 
in diameter. Timber caps or sills K are 
14 by 14 sixties and joists or stringers 
Lare 4 by 16 forties. Decking M is com- 
posed of 3 by 12 timbers. A 60,000-Ib. 
maximum permissible column load per 
leg, less 11,000 Ib. per leg for the wood- 
en platform with the remaining 49,000 





Figs. 1 and 2. Portable buoyant mcrine foundation. A—Buoyant timber skids. B—Toe of skid. C—Sea floor. 

E—Timber pyramids. F—Steel bed plates. G—Buoyant legs (air-filled pipe). H—Buoyant horizontal com- 

pression members (air-filled pipe). I—Steel sway bracing. J—Sea level. K—Timber caps or sills. L—Tim- 
ber joists or stringers. M—Timber decking. N—Derrick leg. O—Conductor pipe 
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Fig. 2 
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lb. per leg, or approximately 200,000 
lb. attributable to the derrick, should 
be ample to carry the ordinary working 


loads for up to 3500-ft. cable-tool drill- | 


ing in the Great Lakes. The drive pipe O 
could be made to support its share of 
the derrick floor when running heavy 
strings. 

After the portable marine founda- 
tion has been towed into place, a mix- 
ture of sand and gravel is dumped on 
each skid with a tremie pipe to a depth 
of about 10 ft. This loading is to pre- 
vent movement or overturn in rough 
weather. 

Drive pipe usually is driven through 
the glacial till, in this case marked as 
conductor pipe O. Once this pipe is car- 
ried through the drift to its objective, 
a casing clamp can be placed thereon 
near the lake floor and the corners of the 
derrick turn-buckled to this, giving 


added, stability during storms. When 
long strings of pipe are to be run the 
turn-buckles could be loosened to pre- 
vent overloading the foundation. In the 
event of a dry hole the portable marine 
foundation (Figs. 1 and 2) could be 
moved to another location. In calmer 
weather small barges could be used, one 
on each side of the foundation, and 
after jetting away from the skids the 
sand and gravel covering and removing 
any other tiedowns to the lake floor, the 
foundation, derrick and all, could be 
raised and floated to a new drilling site. 


The marine foundation and method 
of construction of Gross® is set forth 
in Figs. 3 through 8. This foundation 
was designed to completely exploit the 
continental shelves that would require 
development in as much as 600 ft. of 
water. The cost would be too great for 
the low oil recoveries per well that 
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Figs. 3-8. Marine foundation and method of construction. A—Buoyant skids (fabricated from air-filled pipe). 
B—Buoyant legs (air-filled pipe). C—Buoyant horizontal compression members (air-filled pipe). D—Steel 
sway bracing. E—Diagonal horizontal sway bracing. F—24-in. |-beam. G—24-in. |-beam. H—Railroad car 
J—Skid member (air-filled pipe). K—Metal plate. 
Casinghead. N-—Drilling platform 
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would be obtained in the Great Lakes 
unless the foundation could be moved 
from well site to well site as wells are 
depleted, which is logical. 


To construct this foundation, buoy- 
ant skids A are fabricated on the beach 
from air-filled pipes, such as 18% o. d, 
9614 lb. per ft. casing, which has a neg 
buoyancy of 25% Ib. per ft. in g¢ 
water. Such skids are long enough ang 
wide enough to give ample stability 
against overturn of the tower or set 
tling from drilling loads. Following th 
leg taper of a 122-ft. A.P.I. derri¢ 
having a 24-ft. square base, in 600 fy 
of water, the distance between founda.) 
tion legs at the sea floor would be about 
110 ft. and the length of skid required 
about 160 ft. If the foundation must be 
dragged for miles to the well site, the 
bottoms of the skids would be covered 
with boiler plate. The first section of 
the tower is erected on the beach ag 
shown in Fig. 4. The compression mem-§ 
bers are composed of 18%%-in. od.% 
961/-lb. per ft. casing, each joint hay- 
ing plates welded near the ends to make } 
it an individual buoyant unit. Where 
the ends of pipe must be cut at other 
than right angles, this is done by means 
of a template. Sway bracing may be of 
solid 2-in. tie rods. The first section of 
conductor pipe I is secured in the cen- 
ter of the first section of tower and 
suspended 10 or 15 ft. off bottom; so 
that it will not hit obstructions on the 
sea floor during subsequent dragging 
operations. Mats composed of 24-in. I- 
beams F and G are secured on the skids 
A as shown in the plan view of Fig. 7. 
On these mats means are provided to 
carry a concentrated load of railroad- 
car wheels H to furnish stability to the 
tower. 





















As soon as the first section is built, 
the unit is towed to sea until only a 
few feet emerge. The second section is 
built thereon as shown in Fig. 5 and the 
foundation is towed farther out to sea 
for erection of the third section. The 
process is repeated until the drilling site 
is reached. The base is loaded with rail- 
road-car wheels and the skids can be 
covered with a sand and gravel mixture 
to a depth of 10 or 15 ft. to afford 
a stable foundation. If the foundation is 
to remain permanently, the legs may be 
drilled through with a portable rotary 
and the drill stem may proceed a couple 
of hundred feet into the sea floor and 
be cemented as is ‘shown in Fig. 8. 


If the sea floor at the drilling site 
were sloping, a hydraulic leveling de- 
vice’ would be mounted on the legs 
while the first section was being con- 
structed on the beach. As soon as the 
foundation was on its location it would 
be plumbed by these hydraulic means 
and maintained in vertical position un- 
til a sufficient amount of gravel could 
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be filled in under the skids to provide 
a permanent base. 

After the tower is secured in place, 
drilling platform N (Fig. 3) is built 
thereon. It is steel trusswork and must 
be built high enough above sea level to 
clear the largest storm waves. The bot- 
tom of conductor pipe I is considerably 
above the sea floor and so a surface 
string either must be driven into the 
earth to a satisfactory depth by cable 
tools, or drilled into it by rotary. 

A type of portable marine founda- 
tion’ for use in depths of water from 
10 to 100 ft. is shown in Figs. 9 through 
11. A pontoon |] having a square base 
and top and vertical sides is built in a 
shallow protected bay or harbor. Ver- 
tically through the center of this pon- 
toon is an opening through which drill- 
ing operations may be performed. 


About this pontoon is built spread foot- 


ing B composed of horizontal sills C, 
the lower-most tower section D, and 
the diagonal braces F. Hydraulic an- 
chorages K, if their use is desired, are 
secured to the bottom end of the tower 


legs. The angle-iron legs E act as guides 
or trackways for vertical movement of 
the pontoon I and tower A with respect 
to each other. In order to cover the 
heads of the bolts through the vertical 
angle-iron legs and make movement 
of the pontoon with respect to the 
trackway smooth, it is lined with wood 
and the vertical edges of the pontoon 
are correspondingly covered. The use 
of air-filled oil drums about the outer 
edge of the spread footing may add to 
the stability during the initial stages of 
construction. 

After the first section is in place, the 
assembly is towed to deeper water and 
the second section is erected. Weights 
such as pig iron may be loaded on the 
spread footing, water let into the oil 
drums and the tower lowered about the 
central pontoon. The oil drums then are 
cut loose. The structure is towed to 
deeper water and a third section of the 
tower is erected. The process is repeated 
until the drilling site is reached and the 
tower is tall enough to land on the bot- 
tom of the sea, where the hydraulic an- 

















Figs. 9-11. Portable marine foundation for use 
in depths of water from 10 to 100 ff. 


A—Marine foundation. B—Spread footing. C— 
Horizontal sills or beams. D—Tower sections. E— 
Angle-iron legs. F—Diagonal braces. G—Hori- 
zontal compression members. H—Sway bracing. 
i—Pontoon. J—Sea floor. K—Hydraulic anchor- 
age. _—Stop bar opening. M—Stop bar. N—Rig 

platform. O—Upper section of foundation. 
P—Braces. Q—Pump. R—Derrick 














chorages K are driven into the earth. 
The pontoon is filled with sufficient 
water to permit lowering it 10 to 20 ft. 
below water level and securing it at this 
point. The spread footing B is covered 
sufficiently with a sand and gravel mix- 
ture to hold it firmly in place. The rig 
platform N and derrick R then are 
built and the drilling machinery in- 
stalled. The pontoon now has the water 
pumped out and replaced by air, and in 
this manner is able to take much of the 


load off sections of the tower below the 
pontoon. This should be of much ag. 
sistance where the depth of water is 
100 ft. or more. 

The foundations shown in Figs. } 
through 11 are open-type foundations 
and offer a minimum of cross-sectional 
area to the devastating cusping waves 
and high winds, whereas conventional 
light-house-type foundations have large 
exposed areas. 
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Table 1 shows the observed heights 
of waves compared with the length of 
open sea to generate them. Table 2 
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shows the pressure to be expected from 
breaking waves. Waves higher than 20 
ft. are not to be expected on Lakes 
Michigan, Huron, or Erie. Knowing the 
possible pressures, the marine founda- 
tion can be designed accordingly. These 
tables are after Brysson Cunningham.* 

Floe ice. The principal hazard to 
drilling in the Great Lakes is ice. In 
the winter floe ice can be seen for miles 
out from shore but usually it collects 
near the shore and the deep-water por- 
tions of the Lakes are open. To over- 
come the hazards of ice in water less 
than 100 ft. deep, the following plans 
are suggested. 

For gas development, wells are com- 
pleted from portable foundations im 
such a manner that the well head and 
pressure gauges are just above the lake 
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307% MORE STRENGTH 


¢ above picture shows method used to 
termine comparative strength of shoes 
wipped with Bakelite guides and shoes 
made with the older style concrete guide. 


¢ tests were conducted by oil company 
gineers. 


The Bakelite nose of the guide shoe 
sted began to fracture at 250,000 pounds 
but did not give away completely until 
520,000 pounds were applied. 


Numerous shoes were tested and this was 
F* average test. It indicated a strength 


"© greater than concrete nosed shoes 
milarly tested. 


Bakelite is exclusive with Larkin. 


Full Details in Your 
COMPOSITE CATALOG 





Note (in white circle) Bakelite 

nose begins to collapse. Note (at 

left) nose collapsed completely at 
320,000 pounds. 
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floor and visible from a glass bottom 
boat. The portable foundation is re- 
moved after the well is completed. Lead 
lines are laid on the sea floor to shore if 
the field is not far out, but if it is miles 
out a rock-filled cofferdam may be used 
as a central collecting point and com- 
pressor station, and the gas piped to 
shore from this point. The permanence 
of the Chicago water intakes would in- 
dicate that rock-filled cofferdams would 
not be destroyed by floe ice. 

Should the gas wells tend to water 
up, provisions could be made for keep- 
ing them unwatered. To do this a re- 
turn line would be laid from the com- 











































pressor plant on the rock-filled coffer- 
dam to the bradenhead of the well. 
Noncorrosive kick-off valves would be 
placed at proper intervals down the 
tubing. Whenever the well watered up, 
it could be unloaded by injecting air or 
some of the gas from other wells 
through the return line and down the 
annulus in the same manner that oil 
wells are unloaded by means of kick-off 
valves in various parts of Texas. 
Methods of production. An oil field 
could be developed in a manner similar 
to a gas field, but be made to flow to de- 
pletion on artificial water drive. The oil 
field would be drilled up on a water- 
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input pattern with the necessary coring 
and capacity testing of wells but with- 
out production. A rock-filled cofferdam 
would be built in the center of the field 
and a water-treating plant and oil-flow 
tanks built thereon. Water lines would 
be laid to the input wells and water 
pumped into them until several hun- 
dred pounds injection pressure was re- 
quired. Then oil wells would be drilled 
between the input wells and made to 
flow their production at restricted rates 
until depletion. In this manner, primary 
and secondary oil would be recovered 
simultaneously by a secondary recovery 
method of flowing production by an 
induced water flood. No permanent 
foundations would be needed over the 
oil wells, ice would be no hazard, pro- 
duction could be pumped through a 
submarine oil line directly to shore and 
in many fields recovery would be great- 
er. This would be true particularly in 
the gas-drive fields. 

Corrosion. The problem of corro- 
sion of steel foundations is not great. 
The steel H-beam piles at Elwood and 
Rincon, California, have lasted for 13 
or 14 years and these fields will produce 
for many more years. H-beams are af- 
fected by corrosion and sand cutting 
from all sides, whereas pipe would be 


. damaged on the outside only. It would 


appear that if protective coatings were 
applied to the pipe as on pipe lines, and 
if cathodic protection were used, cor- 
rosion could be minimized. 


Safety measures. Fog horns and 
lights must be supplied on marine foun- 
dations in navigable waters to prevent 
collision with ships. 

Preceding the tug that tows a foun- 
dation, a small vessel may take sound- 
ings with a Halliburton line to see that 
there are no obstructions in the path of 
the tow. The Halliburton line also may 
be used to find level locations for well 
sites. 
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P 417. 


Oil Field Operation With Cooperative 
Engineering Committees* 


been said about the unitization of 
ail pools. This subject implies the volun- 
ary unifying of ownerships, which may 
‘nclude not only the leasehold interests 
but may also include royalty interests. 
Under unit operation the oil pool, as 
distinguished from the individual lease, 
becomes the unit of operation. The en- 
sincering and statistical data for this 
type of operation are assembled and 
compiled by a single organization for 
the field as a whole. The completeness of 
these data and the beneficial use to 
which they are put depends on the unit 


i ee & A great deal has 


operator. 

The benefits of cooperative unitiza- 
tion are considered by most engineers 
to be in the interest of both economy 
ind a greater ultimate recovery. The 
question naturally arises as to why there 
are so few unitized oil fields. (Texas has 
only one). Where there is a large di- 
versified ownership, it may be quite easy 
to devise a unit plan of operation down 
to the point where the division of inter- 
ests are considered. At this point the hu- 
man equation enters the picture. This 
human factor is largely responsible for 
there being so few voluntary unitized 
oil fields in the nation. In my opinion, 
present day knowledge of underground 
values is not certain enough to justify 
complete compulsory pooling. Even 
though unitization may be admitted to 
be a good thing in general, companies 
and individuals alike have been reluc- 
tant to relinquish operating control of 
their properties to someone else. 

[have been invited here today to tell 
you about another type of voluntary 
cooperative work being carried on by 
oil producers through engineering com- 
mittees. In those fields in which coop- 
erative engineering committees operate, 
the engineering and statistical data are 
assembled and compiled for the field as 
aunit. The completeness of the data de- 
pends on the policy of the participating 
operators, and the beneficial use to 
which the data is put, depends largely 
on the individual producer. 


Very little has been said concerning 
this kind of cooperative enterprise. 

ere are seven cooperative engineering 
committees or associations in Texas. 
While this number is not large, they 
are Operative in fields that contain ap- 
proximately 50 per cent of the esti- 
mated oil reserves of the state. All of 


r quarterly meeting of In- 
e 0 npact Commission, Wichita, Kansas, De- 


By V. E. COTTINGHAM, Chairman 


North Basin Pools Engineering Committee 


the oil fields of New Mexico are served 
by a single engineering committee. 
However, the strictly engineering work 
is confined principally to the 29 fields 
in Lea County. I have not made any at- 
tempt to acquire data on engineering 
committees in oil fields of other states. 

Engineering Committees in Gen- 
eral. The duties of cooperative en- 
gineering committees, or operators as- 
sociations, consist of acquiring, assem- 
bling, and compiling engineering and 
statistical data into report form for the 
oil field as a whole. The work of each 
committee is carried on under the di- 
rection of some one usually designated 
as chairman, but the organization and 
plan of operation of the various com- 
mittees differ in three general respects: 

1. The operators of a field secure the 
services of an engineer who is designated as 
chairman or field engineer. In this capac- 
ity, he collaborates with the company en- 
gineers in acquiring engineering data for 
the field as a unit. The chairman’s salary 
and expense incident to doing part of the 
engineering work and preparing reports 
are prorated on an equitable basis among 
the participating members. The Yates Pool 
Engineering Committee operates under this 
plan of organization. 

2. The company engineers of a field or- 
ganize themselves into an engineering com- 
mittee and designate one of their members 
as chairman. None of these engineers re- 
ceive special compensation, but the expense 
incident to preparing reports for the field 
as a unit is prorated among the sponsors of 
the committee. The Judkins Pool Engineer- 
ing Committee operates under this plan of 
organization. 

3. The operators of a field organize 
themselves into an engineering committee 
composed of an operators’ committee, a full 
time paid chairman, a treasurer-secretary 
and an advisory committee. The chairman’s 
duties consist of organizing, supervising, 
managing, and maintaining a competent 
staff, facilities, and equipment required to 
carry on the program of the operators’ com- 
mittee. The salaries of committee em- 
ployees, cost of equipment, and other ex- 
pense incident to the committee’s work is 
prorated among the participating members 
in proportion to their respective pipe line 
runs. The North Basin Pools Engineering 
Committee operates under this plan of 
organization. 


The first engineering committee was 
a product of necessity. Like many other 
innovations in the oil industry, it was a 
necessary adjunct to proration. The 
Yates field was the first field in Texas 
to introduce voluntary proration. To 
carry on this work, it became appar- 
ent that there should be some agency 
responsible for acquiring, assembling, 
compiling, and correlating the engineer- 
ing and statistical data for the field as 
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a unit upon which to base agreements 
among the operators. The Yates Pool 
Engineering Committee was organized 
in 1928 for that purpose. It was the 
first engineering committee organized 
in the state of Texas, and perhaps the 
first in the nation. 

The engineering data acquired by the 
Yates Pool Engineering Committee has 
been made available to the railroad com- 
mission of Texas prior to and after the 
adoption of the first valid proration or- 
der in Texas. In my opinion, this oil 
regulatory body has used this data ex- 
tremely well in regulating the with- 
drawals from the Yates field reservoir. 
Data from this source shows conclu- 
sively that the field is of the combina- 
tion type, i.e., both the expanding force 
of the gas cap and the force of water 
drive are active agents present for dis- 
placing oil from the reservoir to the 
bore of the wells. 

The Yates field has been produced, 
however, by employing the more ef- 
ficient of these displacing agents, name- 
ly, the force of water drive, which in 
reality is natural water flooding as dis- 
tinguished from artificial water flood- 
ing. For the 8 years preceding January 
1, 1943, the average reservoir pressure 
declined only 8.1 lb. per sq. in. while 
producing 71,544,489 bbl. of oil, or a 
decline of only 0.113 lb. per 1,000,000 
bbl. produced. The field was 17 years 
old October 29, 1943, at which time 
91 per cent of the 562 wells producing 
from the main limestone reservoir were 
still flowing. 

The Yates Pool Engineering Commit- 
tee through this long period of years 
has furnished the operators with com- 
prehensive reports on the field each 
year. These reports contain such en- 
gineering and statistical data as the pro- 
duction of oil, water, and gas; reser- 
voir pressure distribution; contraction 
and expansion of gas cap areas; reservoir 
displacement, and recommendations for 
prevention of physical waste by various 
corrective workover operations. 

The history of cooperative oil field 
engineering would not be complete un- 
less it touched upon some of the early 
trials of proration in the East Texas 
field. Some solution had to be worked 
out to keep the oil in the ground that 
was not currently needed. In order to 
prevent the tremendous waste, which 
was a grave potentiality, the final solu- 
tion was that both surface and under- 
ground waste were greatly minimized 
by sound engineering principles. 
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Proration troubles in 1930, the year 
the East Texas field was discovered, be- 
came insignificant when compared with 
those of 1931 and 1932. The Railroad 
Commission of Texas held many heated 
hearings and received much testimony. 
During these years a multitude of the- 
ories were advanced to explain the 
mechanism of reservoir changes due to 
withdrawals from the Woodbine pro- 
ducing formation containing oil, ‘gas, 
and water. At that time the knowledge 
of the factors and the physical laws gov- 
erning the production of oil were com- 
paratively new. Many good ideas were 
in the experimental stages but both the 
public and the courts were reluctant to 
put them into effect. 

Fortunately, during the early years 
in the history of the East Texas field, 
a mass of reliable data was obtained for 
the field as a whole by the cooperatitve 
work of a number of company en- 
gineers. In July, 1931, these engineers’ 
started taking bottom hole pressure de- 
terminations at regular intervals on a 
selected group of key wells. Soon there- 
after B. E. Lindsley” and other engineers 
with the Bureau of Mines, and a group 
of company engineers, with the aid of 
a bottom hole sampler, started a study 
of the physical characteristics of the 
oil and gas solution as it actually existed 
in the reservoir. From the results of 
these and other studies, the principles of 
water drive, or natural water flooding, 
were definitely proved for the East 
Texas field. From these early efforts, 
the value of cooperative oil field en- 
gineering became apparent and resulted 
in the organization of the East Texas 
Engineering Association in 1933. 


The oil industry and the nation 
should be profoundly grateful to this 
group of East Texas engineers who 
pointed the way to real conservation 
through their cooperative efforts. They 
furnished sound engineering principles 
upon which the Railroad Commission 
of Texas could and did predicate orders 
to prevent both surface and under- 
ground waste on a scale the world has 
never known. Students of reservoir be- 
havior estimate that where water drive 
is effective, the ultimate production will 
be more than 25 per cent greater if 
water, rather than gas, displaces the 
oil from the reservoir. 


Since June 10, 1933, which was 
shortly after the courts upheld the first 
valid proration order in Texas, the Rail- 
road Commission of Texas also has had 
its own engineers make monthly bot- 
tom hole pressure determinations on a 
selected group of key wells in the East 
Texas field. From this bottom hole 


1C. E. Reistle, Jr., “Effect of Different Production 
Rates on Pressure Distribution in East Texas,’’ 15th an- 
nual meeting, A.P.I., Dallas, Texas, November 15, 1934. 

2B. E. Lindsley, ‘“‘A Study of Bottom Hole Samples 
of East Texas Crude Oi!.’? Bureau of Mines Report In- 
vestigation 3212 (1933) 
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pressure data, the rate of production 
has been set month by month so as to 
permit an influx of Woodbine water 
into the oil reservoir in an amount to 
almost equal the space voided by oil, 
gas, and water withdrawals. In this 
manner the reservoir pressure has been 
controlled by natural water flooding. 
More recently the reservoir pressure de- 
cline has been further arrested by the 
injection back into the reservoir of 
Woodbine water produced incident to 
oil production. For the 10-year period 
from June 10, 1933, to June 10, 1943, 
the pressure decline in the East Texas 
field reservoir has been from 1240.00 
to 1016.21 lb. per sq. in. During this 
period the production totaled 1,496,- 
895,048 bbl. with a pressure drop of 
only 0.15 Ib. per sq. in. per 1,000,000 
bbls. produced. The cumulative oil pro- 
duction as of November 1, 1943, was 
1,804,206,390 bbl. on which date there 
were 25,152 wells, 68 per cent of which 
were flowing. 

The Conroe field located in Mont- 
gomery County, Texas, was discovered 
December 13, 1931. After 11 years of 
productive history, it stands out pre- 
eminently as a model of achievement in 
cooperative oil and gas conservation 
work. Pursuant to engineering testi- 
mony, the Railroad Commission of 
Texas adopted a spacing program of one 
well to 20 acres, September 19, 1932. 
Wide spacing alone could not achieve 
the conservation record established at 
Conroe, but it helped. This record has 
been made possible by both the proper 
spacing pattern and the adoption of op- 
erating procedures best suited to the 
operation of the field as a whole. These 
procedures were worked out by the Con- 
roe Operators Association, a cooperative 
organization that came into existence 
early in 1932. Its members are now 
composed of all major companies, 90 
per cent of the independents and some 
of the royalty owners. While most of the 










































area for both sands approximates 18,09) 
acres. Both sands have well developed 
gas caps. Careful completion practice, 
corrective operations, the choking of 
wells to protect the gas caps, and th 
proper field withdrawal rates to mak 
effective use of natural water drive 
have all contributed to the conserys. 
tion of reservoir energy. After almog 
11 years, the operating gas-oil ratigs 
were but little in excess of the dissolved 
gas-oil ratios and 95 per cent of th 
wells producing from the Conroe sanj 
were still flowing. This record of cop. 
servation is made more noteworthy by 
the fact that Conroe is the largest of all 
Gulf Coast fields and ranks high in the 
nation. After producing 156,000,009 
bbl. of oil to October 1, 1943, the esti. 
mated remaining reserves approximated 
500,000,000 bbl. 

With reference to the Permian Basin 
area, four engineering committees are 
operative in West Texas and one in 
Southeastern New Mexico. These are: 

1—Yates Pool Engineering Commit. 
tee—West Texas. 

2—Judkins Pool Engineering Com- 
mittee—West Texas. 

3—Goldsmith Pool Engineering 
Committee—West Texas. 

4—North Basin Pools Engineering 
Committee—West Texas. 

5—Lea County Operators Commit. 
tee—Southeastern New Mexico. 

In recent months the Permian Basin 
of West Texas and southeastern New 
Mexico has been in the national spot- 
light for two reasons, first, for the avail- 
ability of crude oil for the war effort, 
and second, as a prospective area for 
new reserves. It may be of interest to 
compare the wells and acreage of these 
fields in which engineering commit- 
tees operate, to the wells and acreage of 
the Permian Basin as a whole. The avail- 
able figures for making the comparison 
were taken from the AIMME and are 
as of January 1, 1943, as follows: 











. ; _ Wells Proven | 
Permian basin Per cent acreage Per cent 
ae Flow Pump Total 
__ NORPRO ET IIE 10,779 | 9,067 19,846 | 100.00 | 648,883 | 100.00 
Committee: | | 
NOR vei cncisitnccswans 2,835 926 | 3,761 | 18.95 160,570 | 24.74 
Sisixesteatincanccaciin 515 40 | 555 | 2.80 20,000 | 3.08 
Pp eredtucarescncshensen | 81 92 | 173 0.87 6,200 0.9% 
eae 914 58 | 972 4.90 20,000 3.08 
North Basin Pools..............| 2,769 | 158 | 2,927 14.75 129,260 19.92 
ee 7114 | (1,274 | 


field work is done by company en- 
gineers, the association hires a full time 
resident engineer who assembles and 
compiles the engineering data for the 
field as a unit; afterward the data goes 
to the operators. 

The Conroe field has two producing 
oil sands. The Cockfield sand is from 
10 to 15 ft. in thickness and the under- 
lying Conroe sand averages around 60 
ft. in thickness. The combined proved 
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8,388 | 42.27 | 336,030 51.78 


The Lea County Operators Commit- 
tee of New Mexico (orginally Hobbs 
Pool Proration Committee) was of- 
ganized in June, 1930, when voluntary 
proration was desired in the Hobbs field 
to assure pipe line outlets to all leases 
on an equitable basis. To carry on this 
work an engineers’ advisory committee 
was formed and a proration umpire ap- 
pointed. After the New Mexico Oil and 
Gas Conservation Commission was 
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created in 1935, the state deputized the 
former umpire to continue his prora- 
tion work and the Hobbs Pool Engineer- 
ing Committee changed its name to Lea 
County Engineering Committee. The 
proration umpire was appointed chair- 
man of this engineering committee. The 
engineering work of the committee is 
now confined principally to the 29 fields 
in Lea County, but in addition, it han- 
dies proration matters under the direc- 
tion of the Conservation Commission, 
for fields in southeastern New Mexico. 

The engineering committee of the 
Lea County Operators Committee sup- 
plies reports to the operators and state 
and federal regulatory bodies as follows: 
Proration schedule covering each field 
by wells and by companies; mid-month 
proration schedule showing new com- 
pletions; monthly engineers report cov- 
ering total gas, total oil, total water, 
whether pumping, flowing or gas lift, 
dry gas, summary of work being car- 
ried on by various field engineers’ com- 
mittees, gas-oil ratio surveys, and bot- 
tom hole pressure surveys for field by 
wells, and companies; annual reports for 
Lea and Eddy counties showing total 
production by wells, by companies, by 
fields of oil, gas, water, drop in pressure 
per barrels of oil produced, and in- 
crease or decrease in gas-oil ratio; 
monthly and yearly gasoline plant re- 
ports showing total gas processed and 
G.P.M. The committee has 10 em- 
ployees. 

The Judkins pool (Penwell) has a 
cooperative engineering committee 
composed of company engineers, one of 
whom serves as chairman. These en- 
gineers take periodic bottom hole pres- 
sures, assemble gas-oil ratio and water 
data, and have made a study of water 
encroachment. While this information 
is acquired by only a few company en- 
gineers, all of the operators contribute 
production and other statistical data 
relative to their leases, and in return are 
furnished the committee’s reports that 
are quite complete. The field has a 
proved area of approximately 6200 acres 
in which 24 operators own 173 oil wells. 

The Goldsmith Pool Engineering 
Committee started its cooperative work 
in March, 1937, when there was but a 
small number of wells in the Goldsmith 
field. The field now contains 983 wells 
owned by 26 separate operators. The 
proved acreage totals around 20,000 
acres. The committee has maintained a 
very complete engineering and statisti- 
cal record of the field throughout its 
history. As this committee was used 
largely as a pattern for organizing the 
North Basin Pools Engineering Com- 
mittee, and since their methods for ac- 
quiring data are similar, a discussion of 
its activities will be omitted. 

North Basin Pools Engineering 
Committee. The North Basin Pools 


Engineering Committee started its co- 
operative engineering work March 1, 
1939. At that time there were a total 
of 281 wells in the fields in which it 
operates. These fields are commonly re- 
ferred to as the North Basin pools from 
which the Committee took its name. 
As of January 1, 1940, or 10 months 
after the Committee started its work, 
these fields contained 701 wells. During 
this period, the number of participating 
operators increased from 32 to 45. 

The committee is now composed of 
78 participating members, 12 of whom 
may be classed as major companies and 
66 as independent concerns. Three op- 
erators are not members. The commit- 
tee is operative in 6 oil fields located in 
5 West Texas counties. As of Novem- 
ber 1, 1943, these fields had 3218 pro- 
ducing oil wells with an aggregate of 
around 140,000 proved acres of oil land. 
The estimated reserves underlying this 
acreage approximates one billion barrels 
of oil, or about 5 per cent of the na- 
tion’s total. The following tabulation 
shows the approximate size of the North 
Basin pools: 





| 
Field County | 
Seminole. .....................] Gaines : le aia | 
Wasson (5100 ft.)..............| Gaines, Yoakum........... 
Wasson (6200 ft.)......... “iy a ery 
Wasson (7200 ft.). . . Yoakum... raindance 
Waples-Platter a ait riaktesetaesents 
er | See 
eS . Perera 
Slaughter...... Cochran, Hockley, Terry 


The committee maintains its main 
headquarters office at Midland, Texas. 
It also maintains two branch offices, one 
at Denver City in the Wasson field and 
one at Sundown in the Slaughter field. 
The chief duties of the committee’s en- 
gineers have been—witnessing poten- 
tial tests, making bottom hole pressure 
surveys, spot checking gas-oil ratios and 
preparing monthly and annual reports 
for the 78 operators on the committee. 

Potential tests. With the exception 
of the Waples-Platter field, which is on 
a per well basis, and the Dean field, 
which is on a per well plus acreage basis, 
potential is an important factor in the 
allocation formulas for the North Basin 
pools. In the Seminole and Ownby fields 
25 per cent of the field outlet is assigned 
to potential and 75 per cent to acreage. 
In the Wasson and Slaughter fields the 
field outlet is allocated on the basis of 
50 per cent to potential and 50 per cent 
to acreage. 

Because of the weight given to poten- 
tial in the allocation formulas, a very 
close check has been maintained by hav- 
ing committee witnesses on all wells 
while they are being potentialed. Dur- 
ing the early history of the committee 
the Seminole, Wasson, and Slaughter 
fields were retested pursuant to Railroad 
Commission orders under the direction 
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of a commission engineer. All retests 
were witnessed by both representatives 
of the committee and offset operators. 
During and since these field retests, 
with the approval of the operators, the 
committee engineers have taken hourly 
gauges during potential tests for the 
6-hr. flows from which the 24-hr. po- 
tentials are calculated. The vigilance 
exercised in witnessing potentials has 
resulted not only in uniformity of tak- 
ing potentials as prescribed by the ap- 
plicable field rules but, in addition, has 
resulted in a great deal of flow and gas- 
oil ratio data for the subject fields. 
Upward of 24,000,000 gal. of acid 
have been used in the North Basin pools 
to increase the permeability in the dol- 
omitic reservoir rock around the bore 
of the wells. The large acid treatments 
frequently result in considerable quan- 
tities of acid sludge and water left in 
the producing formation when new 
well potentials are first taken. As this 
sludge and water is removed by pro- 
ducing a well over a period of time, its 
productive capacity commonly in- 
creases. This condition has resulted in 





No.of | Number Average Approximate 
operators | wells depth | acreage 

13 300 5286 13,500 
54 1446 5158 55,000 

1 1 6881 250 

1 1 7433 250 

3 7 5296 1,000 

4 8 5335 1,000 

3] x 5044 2,000 

46 1447 5014 67,000 
3218 140,000 


large numbers of retests, which, in the 
absence of a Railroad Commission rep- 
resentative, are witnessed by a commit- 
tee engineer and one or more offset op- 
erators. The field rules provide that any 
operator in a field is given the privilege 
to witness any potential whether he is 
an offset operator or not. 

Bottom hole pressures. When the 
committee first started its bottom hole 
pressure work it was possible to run 
two general surveys each year with only 
one unit. As the number of wells in- 
creased it was necessary to acquire a 
second unit and put the field surveys 
on an annual basis. Recently a third unit 
was added. While the commission’s 
field rules required only one survey each 
year in the Wasson and Slaughter fields, 
it was the practice to make two general 
surveys per year until about two years 
ago. This departure from a semi-annual 
to an annual basis was occasioned by a 
shortage in skilled labor. 

Bottom hole pressures have never 
been required in the other North Basin 
pools by commission orders. All fields 
have been accorded the same treatment 
as in the Wasson and Slaughter fields. 
The annual bottom hole pressure periods 
for the North Basin pools have been al- 
ternated to avoid conflicts in field sur- 
veys during the year. This arrangement 
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permits continuous employment for 
both engineering personnel and equip- 
ment, which is necessary in order to 
cover the large number of wells with a 
shortage of engineers. 

Committee engineers run all the bot- 
tom hole pressures in the North Basin 
pools except for one company. Engineers 
for this company calibrate their bombs 
on the committee’s dead weight tester 
and cooperate to the extent that their 
testing in a field is carried on concur- 
rently with the committee. Thus, the 
pressures from the two sources are com- 
parable as to time. 

The bottom hole pressure work in the 
North Basin pools started long before 
there were enough wells to delineate the 
pressure pattern or denote the trends 
in field decline. For the past two years, 
however, development in the Seminole, 
Wasson, and Slaughter fields has been 
complete enough to give basic pressure 
control for future comparisons. The per 
acre withdrawal in these fields to date 
ranges from around 500 bbl. per acre 
to 900 bbl. per acre. Five general bot- 
tom hole pressures have been made in 
the Seminole field, 8 in the Wasson field 
and 5 in the Slaughter field. Upward of 
11,000 pressure determinations have 
been made in these three fields. 

Gas-oil ratios. The Railroad Com- 
mission of Texas requires that a gas-oil 
ratio test be made on each well while an 
official potential test is being made, pro- 
vided, of course, the gas volume is suf- 
ficient to be measured by ordinary field 
methods. Gas-oil ratios so determined 
are called “‘potential gas-oil ratios.” 
Since committee representatives witness 
all potentials, with few exceptions, a 
good idea of the gas-oil ratio situation in 
each field has been obtained from this 
source. Where the well makes more gas 
per barrel of oil than the permissible 
limit, as set out in the field rules, the 
well’s allowable is penalized. This gen- 
erally results in the well being worked 
over and the gas factor reduced before 
the well is re-potentialed. 

For a number of years the Railroad 
Commission required semi-annual gas- 
oil ratio surveys in the North Basin 
pools and other fields in West Texas. 
About a year ago, due to a shortage in 
manpower and automotive equipment, 
the commission amended its order by 
requiring only one survey per year. The 
gas-oil ratio tests made during these 
general surveys are determined for each 
well during the time that each such well 
produces a quantity of oil that approxi- 
mates its daily allowable production un- 
der normal operating conditions. These 
gas-oil ratios, designated as ‘operating 
gas-oil ratios,” distinguish them from 
potential gas-oil ratios. Each operator 
reports the results of these general sur- 
veys to the commission on Form GO-2. 
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Soon after the operators file their gas- 
oil ratio reports for general surveys, the 
committee engineers assemble this data 
and compile it by leases and by fields. 
When this is done, the data is broken 
down and summarized for each field 
as a whole. Aside from showing the total 
oil and gas produced during each sur- 
vey from which the weighted average 
gas-oil ratios are calculated, these sum- 
maries also show the general water sit- 
uation in each field. The overall gas-oil 
ratio and water situation is of special 
importance to each individual operator. 

High gas-oil ratios have not been a 
general serious problem in the North 
Basin pools, but will likely become more 
and more troublesome as the fields be- 
come older. Only recently the commit- 
tee started a program of spot checking 
gas-oil ratios. The program was started 
on account of increases in ratios due to 
individual well depletions as well as to 
increases in allowable. 

Committee reports. The North 
Basin Pools Engineering Committee’s 
plan of operation provides that the par- 
ticipating operators shall be furnished 
both monthly and annual reports. While 
the committee is composed of only 78 
members, a large number own prop- 
erties in two or more of the subject 
fields. The current mailing list totals 
around 190 names. Representatives of 
the Railroad Commission of Texas and 
the Petroleum Administration for War 
are included in this number. There is 
no specified number of reports to be 
furnished any member, large or small. 
The usual practice has been to furnish 
each member as many reports as he 
needs, one for the main office, one or 
more for the branch offices, and not un- 
usual, one for the banker. 


Since and including April, 1939, all 
committee members have been furnish- 
ed monthly reports. For the first nine 
months all non-members were also sup- 
plied monthly reports in order to ac- 
quaint them with the character of the 
committee’s cooperative work. Except 
for the initial organization of the com- 
mittee no special effort has been made 
to acquire new members as membership 
is on a purely voluntary cooperative 
basis. All non-members are invited to 
participate in discussions at all generai 
or special meetings of the members. 

Committee engineers have prepared 
four annual reports covering the North 
Basin pools. Each of the 1940, 1941, 
and 1942 reports contained essentially 
all statistical and engineering data for 
the entire fields at the time they were 
prepared. Thus each time a new annual 
report was prepared, the previous one 
could be discarded. However, when the 
1942 annual reports were prepared, they 
were prepared with the idea of their be- 
ing supplemented each year until the 





fields approach full development. Then 
it is planned to prepare a general basic 
report for each field. In line with that 
idea, the 1943 annual reports merely 
supplemented the 1942 reports. 

The data for the monthly and annual 
reports is acquired from three sources— 
first, from the committee’s field en. 
gineers; second, from the records of the 
Railroad Commission, and third, from 
the files of the operators. The data from 
these sources is assembled, compiled, and 
summarized in such a manner that it 
may be easily translated into meaning 
for either the individual lease or the 
field as a whole. As an aid to this end, 
a member of maps, charts, and cross- 
sections have been employed. The re- 
ports are quite complete with reference 
to bottom hole pressures, gas-oil ratios, 
oil and gas production, the water situa- 
tion, potentials, well log data, and other 
general statistics. 

Per barrel cost. The committee's 
paid personnel consists of a chairman 
and secretary with headquarters at Mid- 
land and five petroleum engineers and 
a trainee whose headquarters are at Den- 
ver City in the Wasson field and Sun- 
down in the Slaughter field. Aside from 
these regular employees, swampers for 
the bottom hole pressure units are pick- 
ed up in the fields. The automotive 
equipment consists of three pick-ups 
used as bottom hole pressure units and 
three coupes used as field cars. The com- 
mittee owns and maintains field offices 
in both Denver City and Sundown. The 
salaries and other expense incident to 
carrying on the committee cooperative 
engineering work have been derived on 
a pro rata basis from assessments on pipe 
line runs as follows: 


Average cost per barrel 


10 Months Period, 1939 $ 0.00496 
12 Months Period, 1940 0.00229 
12 Months Period, 1941 0.00228 
12 Months Period, 1942 0.00203 
11 Months Period, 1943 0.00196 
Weighted average cost 

per barrel $0.00231 


Conclusions. The first cooperative 
engineering committees or associations 
were organized to assist in voluntary 
proration work. In order to have some 
basis for agreements, it was necessary 
to set up an organization to assemble 
and compile all available data for the 
field ‘as a unit. At first this work was 
purely statistical. Later these organiza- 
tions started acquiring engineering data 
on their own initiative. 

Pursuant to applicable laws after pro- 
ration became a function of the state, 
the oil regulatory authorities made cer- 
tain requirements in the interest of con- 
servation on the producer. Foremost 
among these requirements were periodic 
gas-oil ratio and bottom hole pressure 
surveys. As a result of these regulations 
the older committees were maintained 
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and new committees were formed to 
acquire this and other new data required 
by the state. 

“One of the most important functions 
of a cooperative engineering committee 
‘s the compilation of all general en- 
gineering and statistical data for the 
feld as a unit. Through monthly and 
annual reports the operator may see the 
relationship of his lease to all other leases 
in the field. After all is said and done, 
good conservation practices in the pro- 
duction of oil are based chiefly on two 
things—first, the proper completion of 
wells; second, the efficient rate of with- 
drawals from the individual well and 
from the reservoir as a unit. In order to 
accomplish this objective in a field 
where there is a large diversified lease- 
hold ownership, each operator should 
see the picture as a whole. This data is 
especially desirable when going before 
the oil regulatory authorities for changes 
in allowables and corrective measures 
designed to prevent physical waste. 

In those fields in which cooperative 
engineering committees are employed, 
the more technical engineering projects 
are carried on by the individual opera- 
tor. Such projects as bottom hole sam- 
pling, core analyses, productivity in- 
dexes, permeability and saturation tests, 
and many others, could be carried on 
under the auspices of committee en- 
gineers. At present, however, the more 
highly technical projects are left to the 
initiative of the individual operator. 
Many of the major companies have their 
own laboratories and technical staffs for 
carrying on this specialized type of en- 
gineering. This same service is also avail- 
able to independent operators through 
consulting engineering firms. In fact, 
many of the major companies draw 
heavily on this specialized service. 

There are a number of fields in Texas 
in which the leasehold interests are 
small, and the company engineers as in- 
dividuals exchange data with one an- 
other, much in the way that oil scouts 
exchange information. In a number of 
these fields the picture as a whole is 
practically as complete as in those fields 
in which engineering committees op- 
erate. However, where the leasehold in- 
terests are large, this simple arrange- 
ment for acquiring engineering and oth- 
er data for the field as a unit does not 
work. Should a large number of the 
producers in a field undertake to carry 
on the more common types of petro- 
lum engineering work individually, 
there would be a duplication of special- 
ized manpower, engineering, and auto- 
motive equipment for acquiring the in- 
formation. The data so acquired would 
still have to be assembled and compiled 
before it could be translated into its 
fullest meaning for the individual lease 
or the field as a whole, to say nothing 
of the added cost. nm ho 
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Manufacturers of: 
UNIVERSAL HYDRAULIC PRESSES 
TRACK PRESS EQUIPMENT 
HYDRAULIC KEEL BENDERS 
HYDROSTATIC TEST UNITS 
POWER TRACK WRENCHES 
HYDRAULIC PLASTIC PRESSES 
PORTABLE STRAIGHTENER 

FOR PIPE AND KELLYS 
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BREAKDOWNS often occur in such important devel- 
opment work as clearing the way for a pipe line or 
preparation for drilling operations. Knowing how to 
get the machines back on the job saves. valuable time, 
Rodgers Track Presses answer this demand for speed. 
Track repairs on crawler type tractors are made in a 
matter of a few hours. 


All Rodgers Track Presses are equipped with the 
“Retractable Jaw’’—an exclusive feature that automati- 
cally spaces the tracks and permits free movement of 
the tracks over the work table, eliminating unnecessary 
lifting, and doing away with any distortion of the rails. 


A fit companion for this outstanding Rodgers Track 
Press is the Rodgers Track Wrench. This wrench may 
be attached to the press, using the same power as the 
press, which makes the removing and replacing of track 
shoes an easy, speedy job. 


All Rodgers equipment is available on priority. Write 
for information and literature. If it’s a Rodgers, it's the 
best in Hydraulics. Rodgers Hydraulic Inc., St. Louis 
Park, Minneapolis 16, Minnesota. 
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A Review of Porosity and Methods for Its Determination* 


probably the best known phys- 
ical property of an oil bearing reservoir. 
Today, its importance in valuation, cal- 
culation of reserves, and in the efficient 
operation of flush production is well 
known. In all secondary recovery work 
it is necessary to know the average po- 
rosity of the oil sand before an estimate 
can be made of the size, type, and 
amount of equipment necessary for in- 
stallation. Likewise, all recovery compu- 
tations are based on the actual volumes 
of fluid present in the sand, and, in order 
to arrive at these values, porosity tests 
must be made. Porosity is also a major 
consideration when a barren or depleted 
snd is investigated for gas storage pur- 
poses. And yet it has only been within 
the past 25 years that the petroleum 
industry has recognized the term, work- 
ed out suitable techniques for testing, 
and applied this knowledge directly to 
reservoir performance. 

One of the earliest reports on the 
porosity of an oil sand was cited by J. 
F, Carll in a publication of the Second 
Pennsylvania Geological Survey in 
1880. Carll made, “‘in a crude way,” ex- 
periments on a number of pieces of the 
“Third Sandstone” taken from oil wells 
at Tidioute, Pennsylvania. His conclu- 
sion was that the “Third Sandstone” 
was capable of holding from 7 to 10 
per cent of its own volume of oil. These 
experiments were made on specimens of 
tock, the pores of which were more or 
less clogged with residuum from oil that 
had been held in it, and without the 
specimens being charged under pres- 
sure, 

Bradford producers in the early days 
of water-flooding realized that only by a 
thorough knowledge of the sand char- 
acteristics would they be able to operate 
eficiently. To obtain this information it 
was necessary to core certain designated 
wells and subject these cores to an- 
alyses. Aside from a detailed log of the 
producing horizons the only other in- 
formation available from the early cores 
was a knowledge of the porosity. Meth- 
ods for determining fluid content were 
to come later as well as the measure- 
ment of permeability. As we glance 
backward today some may be inclined 
to regard the early attempts at core an- 
alysis as elementary according to pres- 
ént day standards, But rough as they 
might appear they were significant in 
arousing interest, awakening the desire 
and need for more information and pav- 
ing the way for applied and diligent res- 


Hsrobably Porosity in itself is 
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Forest Oil Corporation 


ervoir study. Laboratory techniques 
have steadily improved, new methods 
have been and are in the process of be- 
ing developed to aid in the proper an- 
alysis and interpretation of oil bearing 
reservoirs. 

The man to whom credit should be 
rightfully given and who pioneered in 
the early porosity studies of oil bearing 
sands was the late Dr. A. F. Melcher of 
the U. S. Geological Survey. He de- 
vised a method for determining accu- 
rately the .porosity of sandstones and 
applied the method in determining the 
porosities of hundreds of samples of 
productive oil and gas sands obtained 
n the drilling of wells in Oklahoma, 
Texas, Louisiana, Wyoming, and Penn- 
sylvania. His first progress report “‘De- 
termination of Pore Space of Oil and 
Gas Sands” appeared in the American 
Institute of Mining and Metallurgical 
Engineers, Bulletin No. 160, published 
in 1920. Prior to this date considerable 
work had been done on the porosity of 
building stones, soils, and ceramic ma- 
terials, but very little work had been 
published in English on the porosity of 
oil and gas sands. 

During the spring of 1925 a diamond 
core of the Bradford Sand was taken 
from a well 2 mile west of Custer 
City, Pennsylvania. This core, sponsor- 
ed by the Northwestern Pennsylvania 
Oil Producers Association by private 
subscription of its members, was taken 
for the express purpose of obtaining in- 
formation in regard to the nature of 
the reservoir rock and was submitted 
to the U. S. Geological Survey for 
study. Dr. Melcher published the re- 
sults of porosity determination on this 
Custer City core and at the same time 
laid the basic foundation from which 
present day core analysis has been de- 
veloped. 


Definition. Porosity is defined as the 
fraction of the space in a unit volume 
of substance that is not filled by solid 
material. In oil reservoirs the porosity 
represents the percentage of void space 
that is available for occupancy by either 
liquids or gases. It determines the stor- 
age capacity of the sand and is generally 
expressed in percentage terms. For ex- 
ample, in 100 cu. ft. of sandstone of 
15 per cent porosity, there would be 15 
cu. ft. of pore space. This simple ex- 
planation is fairly easy to visualize but 
in an oil sand the 15 cu. ft. of pore 
space, or void volume, would actually 
be composed of many miles of intricate 
microscopic channels, which we call 
pores. The average channel diameter of 
the Bradford sand has been reported by 
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Krynine as approximating one-third 
thousandth of an inch. Porosity tests re- 
port as percentage the aggregate per 
cent of voids per unit volume. 

Theoretically, spheres 1% in. in dia- 
meter will have the same per cent of 
porosity as spheres 1 in. in diameter 
if the geometric arrangement of the 
spheres is the same in both cases. But 
sand grains are not true spheres in 
shape. They are more often angular in 
widely distributed shapes and sizes. We 
therefore see that the porosity is af- 
fected by the arrangement, shape, and 
uniformity of the sand grains, the ex- 
tent to which the rock has been com- 
pressed, and by the kind and amount of 
cementing material. 

Naturally a great number of these 
interstitial channels are not connected 
with each other, being completely iso- 
lated so that a certain discontinuity re- 
sults. During sedimentation, small 
grains may have sifted in between the 
larger grains or cementing material may 
have plugged off what previously were 
open pores. It is necessary then that a 
distinction be made between the two 
types of porosity which are known as 
total and effective porosity. 

Total, sometimes referred to as ab- 
solute porosity, includes all the voids in 
the sandstone or other rock. Effective 
porosity includes only those pore spaces 
that are interconnected and is generally 
less but can never be greater than the 
total porosity. Methods for determin- 
ing both will be discussed later although 
most present day tests measure only the 
effective porosity. The obvious reason 
for this is that only the connected pore 
spaces contain the oil available under 
present methods of productiton. 

Preparation of samples. We now 
come to the various methods used for 
the actual porosity determination. Al- 
though there are numerous devices and 
procedures for achieving the final result 
there is a certain amount of necessary 
preliminary work that has been fairly 
well standardized. 


The samples are first cut down to a 
convenient size for testing, depending, 
of course, upon the method involved. 
The size and shape of the sample is.of no 
great importance as the result of the 
test is reported in percentage. How- 
ever, most laboratories prefer a fairly 
large sample approximating 5 to 6 ml. 
bulk volume. Each sample is given an 
identifying mark or symbol and then 
placed in an extractor to remove any 
oil film, paraffin, and residuum that re- 
main in the sand. For solvents, ether, 
butanol, or carbon disulphide are pre- 
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ferable, each of which has its advan- 
tages, but because these are highly in- 
flammable many laboratories employ 
carbon tetrachloride as the cleansing sol- 
vent. The time of extraction depends 
upon the condition and size of the sam- 
ple, and the rate of heating. Small ex- 
tractors of the Soxhlet type perform 
the job more quickly than larger ex- 
tractors of the same design, as the rate 
of extraction is faster. A good rule is 
to extract until the solvent in contact 
with the samples remains water white 
and is not discolored. With large extrac- 
tors 24 hr. of continuous running is 
usually required. When time does not 
allow prolonged extracting the opera- 
tion can be hastened by the use of pres- 
sure extractors, which, as indicated by 
their name, utilize pressure for forcing 
the solvent through the sample until it 
is thoroughly cleansed. 


After extraction, the samples are 
placed in an electric oven and allowed 
to heat uniformly for several hours at 
a temperature of 215° F., until any 
free water or solvent remaining in the 
sand is removed at this temperature. 
Higher temperatures are to be avoided 
as dehydration of one or more of the 
constituent minerals might occur, re- 
sulting in a higher porosity than actual- 
ly exists. 

After drying, the samples are care- 
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fully brushed and examined for cracks 
or minute crevices. Any small projec- 
tions or loose grains that might later 
break away from the specimen should 
be removed, and it is well to keep the 
samples in a desiccator. 

Porosity formula. The general for- 
mula for percentage of porosity by vol- 
ume determinations is 

Per cent porosity 


pore volume 
< 100 
bulk volume 


This equation shows us that in order 
to arrive at the percentage porosity of 
a sample means must first be found for 
quantitatively determining (1) the 
volume of the pore spaces or pore vol- 
ume and (2) the bulk volume of the 
sample being tested. 

Numerous methods have been devel- 
oped for determining each of these 
requisites and there is not much devia- 
tion in the final results. The method to 
be used rests with the technician and 
usually depends upon what equipment 
is available and whether total or effec- 
tive porosity is to be determined. Effec- 
tive porosity is usually measured direct- 
ly whereas total porosity pore volume 
is indirectly determined by deducting 
the volume of the mineral grains from 
the bulk volume. 

It is beyond the scope of this paper 
to present all of the various tests in de- 
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tail but an effort will be made to make 
brief mention and call attention ty 
those methods which are used. First we 
will discuss the various procedures fo, 
determining bulk volume. 

Methods for determining bulk 
volume. It is sometimes necessary to 
make bulk volume measurements before 
the pore volume can be ascertained, Jp 
order to maintain our proper sequence 
we will discuss the more common 
methods by which bulk volume can be 
determined. 

1. By displacement. First, the sam. 
ple is saturated with acetylene tetra. 
chloride until it takes up no more liquid, 
Then the surplus fluid is carefully wip. 
ed off and the sample is placed in , 
graduated cylinder containing the same 
liquid. The fluid level having been read 
before the sample was added is now read 
again and the increase in volume is the 
bulk volume of the sample. Some op. 
erators prefer to use the Russell appar- 
atus rather than an ordinary graduated 
cylinder but the principle of displace- 
ment is the same in both instances. 

2. By pycnometer. The pycnometer 
method is probably the most convenient 
and rapid method of all. The bulk vol- 
ume is determined by displacing mer- 
cury from a wide mouthed pycnomete: 
and then measuring the volume of the 
mercury displaced. An electric pycno- 
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meter method that measures mercury 
displacement with a micrometer and 
yses an electric light to indicate the 
mercury level in the measuring tube 
has been adopted by some laboratory 
technicians. 

3. By paraffin coating. In the par- 
,fin-coating procedure the dry sample 
is coated with a thin layer of molten 
paraffin. It is weighed first in air and 
then in water. The loss of weight of the 
sample in water compared to its weight 
in air is a measure of the weight and 
volume of the water displaced. Allow- 
ance is made for the coating material 
by computing its volume which is de- 
ducted from the volume of water dis- 
placed. 

4, By calculations from dimensions. 
If the sample has been prepared in true 
geometrical shape and is a well cement- 
ed sandstone, the bulk volume can be 
calculated from the dimensions. This 
method is better adapted for large sam- 
ples than small ones where the likeli- 
hood of error would be much greater. 

Methods for determining pore 
Volume. 1. Washburn-Bunting meth- 
od. The Washburn-Bunting method as 
adapted by A. C. Simmons, is a direct 
procedure for determining the effective 
pore volume of an oil or gas sand and is 
probably more generally used than any 
other method. It is used by many core 
testing laboratories throughout the 
country and is extremely fast and ac- 
curate. The operaton is based upon the 
expansion of air in the communicating 
pores of sand under high vacuum creat- 
ed by mercury. After the air has been 
expanded out of the sample it is trap- 
ped above the mercury, measured at 
atmospheric pressure in the graduated 
tube forming the upper portion of the 
porosimeter and the volume reported as 
pore space in milliliters. Due to mer- 
cury penetration samples run in this 
manner are unsuitable for, further test- 
ing. 

2. Stevens method. The Stevens 
method of determining the effective 
porosity of oil reservoir rocks is com- 
parable to the Washburn-Bunting 
method, being of the gas expansion type 
with the added advantage that the sam- 
ple does not come in contact with the 
mercury in the porosimeter. The sam- 
ple is left in its original condition and 
can be used for any further test. 

3, Barnes method. The Barnes .pro- 
cedure is gravimetric and likewise de- 
termines the effective pore volume of a 
tock. It is particularly adapted for small 
samples and requires skillful manipula- 
tion of an analytical balance. The meth- 
od is based on the comparison of the dry 
weight of the sample with its weight 
when saturated with a liquid of known 
density. Subtracting the dry weight 
trom the saturated weight a figure is 
obtained that represents the weight of 


the fluid filling the pore spaces. The 
specific gravity of the fluid known its 
volume may then be computed. A 
vacuum pump is required to thoroughly 
evacuate the sample prior to saturation. 
Acetylene tetrachloride is usually used 
as the saturating fluid. 

4. Boyles Law method. A method de- 
veloped by the U. S. Bureau of Mines, 
and reported in their Report of Investi- 


gations 3352 determines the volume of 


the mineral substance of a rock by gas 
displacement. An empty bomb is charg- 
ed with gas to a pressure of 4 or 5 at- 
mospheres and then discharged by re- 
leasing the gas slowly into a graduated 
burette where its volume is measured. 
The same process is repeated with a 
sand sample in the bomb and the differ- 
ence between the two volumes is equiv- 
alent to the volume of the mineral 
grains. Effective pore volume is then 
determined as the difference between 
bulk volume and grain volume. 

5. Kobe method. The Kobe method 
measures effective porosity by using 
hydrogen under pressure. This apparatus 
consists of an upper chamber for meas- 
uring the gas and a lower chamber for 
holding the sample to be tested. Both 
chambers are connected with each oth- 
er. After flushing the system with hy- 
drogen to remove all air the connecting 
valve is closed and the pressure in the 
upper chamber built up by admitting 
gas. The valve connecting the two 
chambers is then opened and the gas 
from the upper chamber expanded into 
the new volume. By measurement of 
pressures and proper calibration of the 
apparatus the volume of the sand grains 
and any pore space that the hydrogen 
does not enter may be calculated. 

6. Melcher method. The Melcher 
method for determining total porosity 
is based on the principle that the volume 
of a fragment of sand minus the volume 
of its individual grains equals the vol- 
ume of the pore space. All the measure- 
ments are made gravimetrically. Par- 
ticular skill and a deft touch is demand- 
ed of the operator while reducing the 
sand clumps or clusters to individual 
grains. This is accomplished with a small 
mortar and pestle and frequent obser- 
vation under a high power microscope 
to make certain that separation is com- 
plete. The individual grains are first 
weighed in a pycnometer of known vol- 
ume and then the pycnometer is re- 
weighed after being filled with a liquid 
of known density. The volume of the 
additional liquid is subtracted from the 
volume of the pycnometer to determine 
the individual grain volume. Bulk vol- 
ume less the individual grain volume 
equals the pore volume. This method is 
tedious and painstaking and an error 
by loss is quite likely to occur during 
the grinding and transferring process. 

7. Russell method. The Russell pro- 
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cedure determines total porosity, and 
is based on the same principles as the 
Melcher method except that it is per- 
formed volumetrically using acetylene 
cetrachloride in a special type porosi- 
meter. The sample is first immersed in 
acetylene tetrachloride until saturated 
and then placed in the Russell porosi- 
meter and bulk volume determined. 
Afterwards, it is reduced to grain size 
and the mineral substance volume de- 
termined in the same manner. The dif- 
ference between the two results is the 
total pore volume. This method is sub- 
ject to error in manipulation. 


AMERICANS 


8. Density method. The density 
method assumes that the specific gravity 
of the mineral constituents is constant, 
and therefore is not as exact as the oth- 
ers. It may be used for approximate 
calculations of total porosity. The sam- 
ple is weighed dry and this result de- 
vided by the specific gravity (2.65 for 
quartz) yields the volume of the min- 
eral substance. This figure deducted 
from the total bulk volume is the pore 
volume of the sample. 

After both the bulk volume and pore 
volume of a sample have been deter- 
mined it is simple arithmetic from there 
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on to place these values in their respec. 
tive places and calculate the percentage 
porosity from the given formula. 


Conclusion. In 1940 the American 
Petroleum Institute Sub-Committee on 
Core Analysis and Electric Logging 
conducted an investigation of the com. 
parativeness of results obtained by core 
analysis laboratories under routine con- 
ditions. Standard samples were sent to 
different laboratories for porosity test- 
ing by the various methods which have 
been described. Their report stated “that 
the results obtained from the many 
types of apparatus were in quite good 
agreement. The data lead to the conclu- 
sion that all of the types of porosity 
apparatus upon which standard samples 
were run, gave comparative and satis. 
factory information.” 

Regardless of the method employed, 
the necessary equipment for the deter- 
mination of porosity is inexpensive. The 
actual preparaticn, testing, and calcula- 
tion of porosty is routine work and can 
be quickly learned by an inexperienced 
operator. However, the application of 
these data and the interpretation of re- 
sults demand the skilled services of a 
technician well versed in reservoir per- 
formance. 
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Positive Colloid Muds for Drilling Through Heaving Shale* 


HE nature of heaving shale. 

The penetration of heaving shale 
formations during drilling may be in- 
ferred from several effects that can be 
noted at the surface. The mud pumps 
may slow down or the circulation of 
mud may cease entirely. The physical 
properties of the drilling mud, such as 
specific gravity, viscosity, or gel 
strength, may change rapidly.” (These 
effects are not to be confused with those 
caused by mixing of the mud with brine 
or with cement.) Cavings of shale may 
appear in the mud returns.* Finally, the 
drill pipe may be seized so firmly that 
it cannot be turned.* 

It is found that these effects are 
symptoms of two conditions that may 
exist in the hole. In some instances, a 
large cavity filled with sticky, viscous 
shale is formed at the bottom of the 
hole when the heaving shale is pene- 
trated by the drill.®* In other cases a 
plastic mass of swollen shale sloughs 
into the drill hole at some point above 
the drill. In either case the result is a 
decrease or complete cessation of circu- 
lation of mud, accompanied by in- 
creased resistance to the rotation of the 
drill pipe. 

It is generally accepted that heaving 
shale contains large amounts of ben- 
tonite, which is a hydrophilic colloid 
that hydrates and swells very much 
when in contact with water.*'° When 
heaving shale is penetrated during drill- 
ing, the bentonite in the shale absorbs 
water from the drilling mud, thus caus- 
ing the shale to swell and fill the space 
between the drill pipe and the wall of 
the drill hole. This process may con- 
tinue until the circulation of mud is 
stopped and the drill pipe is firmly held 
by the mass of plastic shale. 


Various other theories have been ad- 
vanced concerning the nature of heav- 
ing shale. It has been postulated that 
the natural, unhydrated shale has plastic 
properties, which allow it to flow into 
the drill hole under the pressure of the 
overburden.’! Some investigators be- 
lieve that the heaving of shale is caused 
by the presence of pockets of high-pres- 
sure gas sealed in the relatively imper- 
vious shale.'? Others hold that the bear- 
ing power of the formation is decreased 
by tilting of the horizontal strata, caus- 
ing the shale to break or chip when 
penetrated by the drill.’ Various shales 
having these properties may or may not 
exist; however, here we shall apply the 
term “heaving shale” only to bentonitic 


*Presenied before the American Institute of Mining 


; + irgical Engineers, New York City, February, 
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shale capable of plasticizing when 
placed in contact with water. 


Properties of clays and shales. 
Clays are the final products in the 
alteration of igneous and metamor- 
phosed aluminosilicates by weathering 
processes, which include hydration, de- 
vitrification, and leaching of alkalies 
and other bases. Under the influence of 
high temperatures and pressufes, sedi- 
mented clays are successively trans- 
formed into shale, slate, mica schist, 
and mica.** 


A suspension of clay in water is a 
typical colloidal system whose proper- 
ties depend to a large degree on the fact 
that the suspended particles all carry 
electrical charges of the same sign; ordi- 
nary clay particles carry negative 
charges. When two clay particles, each 
negatively charged, approach one an- 
other, the electrical forces of repulsion 
hinder the coalescing of the particles. 
Large agglomerates of the colloidal ma- 
terial cannot collect, therefore, and the 
result is a more or less stable suspension. 


A colloidal clay particle bearing 
negative charges is always surrounded 
by positive ions, the sum of whose 
charges is equal to the total negative 
charge on the particle. These positive 
ions generally may be replaced by other 


Fig. 1. Filtration characteristics of vari- 
ous muds at different temperatures. 


1. Positive colloid mud (No. 3 in Table 4). 2. Silicate 
mud, W. W. Smith No. 1, Brazoria County, Texas. 
3. Aqueous mud; average from Clay City, Illinois. 
4. Very good aqueous bentonitic mud, Gatewood 
Newberry No. 3. 
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positive ions, so they are called the “‘re- 
placeable base” of the clay. 

The properties of a clay vary enor- 
mously with changes in the amount of 
replaceable base and the kind of re- 
placeable base.**'® Natural kaolin, 
which has a very low base-exchange ca- 
pacity, settles rapidly from suspension. 
On the other hand, bentonite, which has 
a high base-exchange capacity, forms 
permanent suspensions. Clays contain- 
ing sodium as the replaceable base are 
usually highly dispersed, in suspension, 
and relatively impervious to water, 
when filtered. Calcium clays are gener- 
ally porous and granular and cannot be 
maintained in stable suspension. 

Any agent that decreases the charge 
or the potential of a colloidal particle is 
said to have a “‘flocculating” effect on 
the particle. For example, the addition 
of a solution of calcium chloride to a 
suspension of sodium clay reduces the 
electrical potential of the sodium clay, 
so the calcium chloride is said to “‘floc- 
culate” the clay partially. The addition 
of a sufficient amount of a salt of 
aluminum or thorium to clay will re- 
duce the charge on the clay colloid to 
zero, completely flocculating the clay. 
Flocculation of clay makes it unsuit- 
able for use in drilling mud. Flocculated 
clay loses its plasticity; it settles from 
suspension much more quickly than 
ordinary clay, and it is more permeable 
to the passage of water.*®?” 

Any agent that increases the charge 
or the potential of the particles of a 
colloid is said to have a “deflocculating”’ 
effect on that colloid, because it raises 
the stability of the colloid. Sodium tan- 
nate and complex sodium phosphates 
are typical deflocculating agents for 
clay suspensions. 

As a general rule, any electrolyte that 
acts as a good deflocculating agent for 
negative colloids will act as a flocculat- 
ing agent for positive colloids, and vice 
versa. Large amounts of any electrolyte 
have a flocculating effect on both posi- 
tive and negative colloids. Certain or- 
ganic solvents have a similar effect on 
hydrophilic colloids such as clay. 

Many clays swell, more or less, when 
they absorb water. This is especially 
true of bentonite containing sodium as 
the replaceable base, which swells in 
water to many times its dry volume. 

The replaceable base in bentonite can 
be removed by a process called 
“dialysis.” Dialyzed bentonite, contain- 
ing no base, does not swell when placed 
in water, indicating that swelling of the 
clay is caused by the hydration of the 


exchangeable base.** To minimize the 
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drawn into the loading chamber by the 
powerful suction. 

Bridged over tubing may be cleaned out 
without the necessity of pulling tubing and 
killing a flowing well. The surging action 
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large sections of drill pipe, tubing, gas an- 
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TABLE | 


Fluids and processes for drilling through 
heaving shale 


A. Crude oil or topped crude as drilling 
fluid.5» 19, 20 

B. Oil plus an oil-bearing filter clay as drill- 
ing fluid.*? 

C. Red lead in gas oil, plus oleic acid, as 
drilling fluid.=* 

D. Mixture of two thirds sodium silicate 
and one third saturated sodium chloride 
as drilling fluid.*3~°5 

EF. Concentrated salt solutions as drilling 
fluids.°: 23, 26, 27 

F. Zinc chloride or sodium nitrate as drill- 
ing fluid.-* 

G. Sugar solution as drilling fluid.3% 48 

H. Zinc chloride-cellulose solution as drill- 
ing fluid.*” 

I. Various cements for sealing off the drill 
hole.12, 32 

J. Precipitation of calcium silicate in pores 
of formation.*- 

K. Precipitation of silicic acid in pores of 
formation.**, 34 

L. Solution of hydroxyethyl cellulose in 

NaOH or of cellulose acetate in acetone 
as drilling fluid.*° 

. Sealing off water formations by forcing 

SbCl; or SiCl‘ into hole, to precipitate 
SbOCI or HeSiO;, respectively, when 
diluted with connate water.°® 

. Emulsion of oil and water.®: =" 

O. Methylene iodide and other dense liquid 
compounds as drilling fluids.** 

P. Solution of tar in phenol as drilling fluid. 

Q. Molten sulphur as drilling fluid.** 

R. Heating mud to 100°C.39 

§. Dynamiting of waxy shales.*' 

T. Freezing of wall of hole.® 


\ 


=] OZ 
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swelling of bentonite, one should re- 
place the highly hydrated sodium base 
with another base that is less hydrated, 
such as calcium, or, better, aluminum. 
If the negative charge on the bentonite 
particle were completely neutralized, 
the bentonite should exhibit no swell- 
ing when placed in contact with water. 

Ordinary bentonite exerts a measur- 





TABLE 2 


Mechanical methods for drilling through 
heaving shale 


A. Maintaining continuous circulation of 
mud by means of a special valve on each 
section of drill pipe. 

B. Cement casing to bottom of hole before 
heaving takes place. 

C. Slow drilling to build up wall of hole. 

D. When caving starts, stop pumps, with- 

draw drill to a point above the cave, then 
try to redrill hole, rebuilding wall hole. 
. Use collapsible wire-line bit, which can 
be withdrawn without removing drill 
pipe from hole. 42 

. Use fairly large heavy drill pipe at start 
of shale. Continue drilling until this be- 
comes stuck. Recover collapsible bit, 
cement string of pipe in hole. Then run 
in next smaller size of drill pipe and con- 
tinue drilling until it is stuck. Repeat 
until hole becomes too small.7, 42 

3. Drilling under gas pressure exerted at 
surface.5» 12, 43, 44 


— 


1 


a) 


H. When caving ceases, dump construction 
cement on bottom of hole through drill 
pipe. After 24 hr. drill through cement. 
Repeat each time caving occurs.45, 46 

I. Directional drilling to cause drill pipe to 








penetrate tilted shale formations perpen- 
dicularly.4® 





able osmotic pressure, while dialyzed 
bentonite does not. Since dialyzed ben- 
tonite does not swell, this indicates that 
swelling is an osmotic phenomenon, so 
any agent that will reduce the thermo- 
dynamic activity of water, such as salts 
in high concentrations, should reduce 
the swelling of bentonite.'’ 

Methods for drilling through 
heaving shale. Table 1 lists a num- 
ber of fluids and chemical processes that 
have been used or proposed for drilling 
through heaving shale. Some mechan- 
ical methods of combating heaving 
shale are given in Table 2. 

Oil-base muds (Table 1, A, B, C) 
have been used in drilling with some 


degree of success. However, they are 
likely to cause much trouble if they 
become mixed with considerable 
amounts of brine, because the fine clay 
and shale cuttings taken up by the mud 
may form a hard, granular precipitate 
under these circumstances. Because of 
the high electrical resistivities of oil- 
base muds, it is very difficult to run 
electrical logs in holes filled with such 
muds, 

Various salt solutions have been used 
as drilling fluids (Table 1, D, E, F). 
Here the object is to prevent the hydra- 
tion of shale by lowering the activity 
of water and by flocculating the shale 
itself, as described above. In some cases, 
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your well pumps. 








In addition to smaller repair cost you will 
get longer runs than with any other plunger, 
and therefore have less pulling expense. 

Cut Oil is largely eliminated, too, if you 
are bothered with that trouble. 
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should insist on getting Martin Plungers in 


THE OPERATION SURE 
DID ME A WORLD OF GOOD 








JOHN N. MARTIN 


ll W. Brady¢St. 


Tulsa, Okla. 





Write for illustrated Catalog ...or 


See Page 1551 Composite Catalog 


SOLD ONLY THROUGH 
SUPPLY STORES 





NO METAL TOUCHES 


The Fine Finish of Your Pump Tubes 
When You Use 


MARTIN PLUNGERS 


The resilient rubber and duck rings take the 
wear and they are mighty easy on the tube. 
Pump repair is simplified because only the 
rings will have to be replaced in most 


+ 
Pa 
- 
: 
fod 


7 
vs 
‘ 
‘ 
‘ 
b> ‘ . 
- s 
i ‘ 
- . 
a ‘ 
- . 
Rall - ‘ 
= ‘ 
— s 
= , 
7 , 
~ , 
- , 
a ® 
- ; 
= ? 
om ? 
= ? 
= ? 
-~ ; 
-=* ? 
N ? 
ped , 
+ ? 
* ;? 
me ,< 
o- 
-= 4 ' ‘ 
- 
= 





> 


1-25/32” 30 Groove 


Size 


Field Representatives 


Tom Hulett Hugh Robinson 
El Dorado, Ark. Blackwell, Okla. 
C. J. Baeten F. M. Wilson 


Wichita, Kans. 
Lynn C. Holloway 
Houston, Texas 


Wichita Falls, Texas 
J. Walter Wade 
Chicago, III. 
E. C. Dilgarde 
Casper, Wyoming 








THE PETROLEUM ENGINEER, Reference Annual, 1944 


87 
































TABLE 3 
Effect on heaving shale of addition 
of basic dye to bentonite 


5 per cent 5 per cent) - 
Mix- - 


nto- methyl- | Charge Effect on 





ture nite sus- ene blue on heaving shale} 
No. pension*, added, | colloidt 
ce. ce. 
1 20 0 Negative | ' 
2 20 1 Negative) | Swells and dis- 
3 20 2 Negative|{ integrates in 
4 20 3 |None de-|| less than 3 hr.” 
tectable| | 
5 20 4 |None de-| 
| tectable| | Swells and dis- 
6 20 7  |None de-|! integrates in 
tectable|| less than 12 
7 20 10 |None de-'| hr. 
| petable|| 
8 20 15 |Pesttave \' Unchanged in 
9 20 20 Positive | 5 days. 





*Mixtures diluted to 100 ce. with distilled water. 

tCharge as determined by cataphoresis experiment. 
' {Shale cuttings from W. W. Smith No. 1, Brazoria 
County, Texas. 











as with zinc chloride solutions, the spe- 
cific gravity is so high that the addi- 
tion of weighting solids is not required. 
The major objection to this type of 
drilling fluid is that the fluid is so high- 
ly flocculating that it cannot retain col- 
loidal material in stable suspension. This 
makes it impossible to hold drill cut- 
tings in suspension when mud circula- 
tion is stopped. It also makes it impos- 
sible to prevent the loss of large quan- 
tities of fluid into porous formations 
because there is no fine colloidal ma- 
terial present to form an impervious 
filter cake on the wall of the hole. 

In the sodium silicate mud this ob- 
jection is partly overcome by the use of 
a fluid that is viscous enough to retard 
the settling of cuttings in the drill hole. 
Likewise, the high viscosity of the fluid 
reduces the loss of fluid into the forma- 
tion drilled, even though no imperme- 
able colloidal filter cake is formed. How- 
ever, at the high temperatures existing 
in deep holes the viscosity of such a 
silicate solution is greatly reduced, caus- 
ing much trouble because of the set- 
tling of cuttings and the formation of 


a thick filter cake. 


Another serious objection to the use 
of a concentrated salt solution as a drill- 
ing fluid is that such a solution has a 
very low electrical resistivity. This 
causes the electrical log taken in a hole 
filled with such a mud to be distorted 

‘and difficult to interpret. 


Various methods of sealing or ce- 
menting the wall of the drill hole have 
been used or proposed for penetrating 
heaving shale (Table 1, I to M). The 
most practical methods involve batch 
cementing, which requires much time 
and may be costly. In many places heav- 
ing shale layers are very thick, so that 
the number of batch cementing jobs re- 
quired is likely to be prohibitive. More- 
over, the shale is likely to heave while 
the hole is being drilled and before it 
can be sealed. 
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The other fluids and processes men- 
tioned in Table 1 are open to serious ob- 
jections of one kind or another. Methyl- 
ene iodide (O) and similar heavy liquids 
are far too costly for consideration as 
drilling fluids. Molten sulphur (Q) has 
been used in drilling one shallow hole, 
but much trouble was encountered. 
Use of a refrigerated drilling fluid (T) 
has been considered but, besides being 
costly, such a method would be accom- 
panied by great practical difficulties. 


This discussion emphasizes the dilem- 
ma of the mud engineer who tries to 
prepare a drilling fluid for penetrating 
bentonitic shale. There are many sub- 
stances which may be added to drilling 
mud which will decrease the swelling 
of shale. The difficulty is that all of 
the materials used or suggested for this 
purpose thus far are agents which 
have a very deleterious effect on the 
mud itself. 


Positive colloid muds. Considera- 
tion of the properties of bentonite led 
us to the conclusion that a mud con- 
taining positively charged colloidal ma- 
terial, rather than ordinary negative 
clay colloids, should be satisfactory for. 
drilling bentonitic shale. As pointed out 
above, substances that act as defloccu- 
lating, or dispersing, agents for positive 
colloids are excellent flocculating or 
precipitating agents for negative col- 
loids. Bentonitic shale placed in contact 
with a positive colloid should be floccu- 
lated because of the neutralization of 
the negative charge on the bentonite by 
the deflocculating agent of the positive 
colloid. The surface bentonite should 
also be neutralized by the positively 
charged colloidal particles themselves. 
In either case neutralization of the 
charge on the bentonite would prevent 
the swelling of the shale. Furthermore, 
the pH range over which positive col- 
loids are stable is slightly on the acid 
side, where the hydration and swelling 
of bentonite are very small. Therefore 
heaving shale should not swell or dis- 





































integrate when in contact with a posi- 
tive colloid mud. 

There are no naturally occurring pos- 
itive colloids having all the properties 
essential in the drilling mud. Probably 
the nearest approach to a satisfactory 
positive colloid mud among commonly 
known colloids is represented by the 
class of hydrous oxides of iron, alumi- 
num, thorium, etc., but these leave 
much to be desired in many respects, 


It is necessary, therefore, to prepare 
positive colloids having suitable prop- 
erties for drilling muds. It has been 
known for some time that positive col- 
loids can be made by the addition of 
powerful deflocculating agents (for 
positive colloids) to suspensions of va- 
rious negative colloids. For example, a 
suspension of negatively charged ben- 
tonite can be converted to a positive 
colloid by the addition of salts of tho- 
rium and other polyvalent cations, acid 
gelatin and other proteins, or basic dyes 
such as methylene blue and methy] voi- 
let. We have found that the positive 
colloids showing the most promise as 
drilling muds are those formed by the 
addition of solutions of basic dyes to 
suspensions of bentonite.*® 


The theoretical conclusions given 
above are borne out by actual tests, 
Heaving shale does not swell or disinte- 
grate when placed in contact with a 
suspension of bentonite containing suf- 
ficient basic dye to render the bentonite 
positive. Table 3 shows the results of 
some typical experiments with mixtures 
of bentonite and basic dye in contact 
with heaving shale. 


It is possible to prepare mixtures con- 
taining only bentonite and basic dye 
that are fairly satisfactory for a drilling 
mud, but we have found that the prop- 
erties of such muds can be greatly im- 
proved by the addition of certain sub- 
stances. 

The dye-bentonite mixtures have a 
tendency to form a stable foam, which 
might increase the danger of gas cut- 





Composition of mud by weight, 
per cent 





} 
No. | Meth- | | Digly- | Bar- | Gr. 
Ben- | yl | Wheat col oid- 
tonite | violet | flour | laurate O 
} | 
| | 
} 


| 





1 |0.67| 1.33| 5.00] 0.1 | 42.8] 1.5 
2 | 0.67) 1.33] 4.00! o.1 | 42.8115 
3 |0.67| 1.33) 3.33] 0.1 | 42.8 | 1.5 
4 | 1:33| 2.00| 2.67| O11 | 42.8115 
5 | 0.67| 1.33| 2.67] 0.1 | 42:8 | 1:5 
6 | 1.00} 2.00| 2.67} 0.1 | 42.8 | 1:5 
7 |1.00| 2.00} 3.33| 0.1 | 42:8] 1.5 











TABLE 4 


Result of tests on methyl violet bentonite muds containing wheat flour 


_ 


Mud ‘ Sp. | pH 
ir 


AMAAARMAAN 
Cw PROM RO 


| 100-lb. fil- 
Stability Stormer viscosity tests OOF. 
} | 16 sq. in. 
a - | ona ae “eo ae 
| Free ‘Spar. Viscos- | Initial | 10-min.| Fil- | 
| liq- jo top| ity, | gel gel | trate | 
uor, | layer | centi- |strength,|strength,| in 30 | k* 
ce. | | poises | grams | grams | min., | 
eed | } ce. bs 
0 | 1.48] 155 5 | 6 | 6 | 0.5 
0 |} 1.42| 89 4 | 0 | 13 |09 
0 \140; 57 | 3 | 4 | 1 | 08 
0 | 1.44) 55 6 ‘| 60 16 | 1.3 
0 |138| 4 | 3 | 30 1 | 0.5 
0 1.40 46 4 30 18 | 1.9 
0 | 1.44 71 | 4 | 40 | 14 | 19 
| 7 | = 3 _| | 























ce. 
*Units of k are —-——— for 16-sq. in. filter. 


V min. 





No effect on heaving shale was perceptible in 3 months. 


| 
| 
| 
| 
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ting during drilling. It has been found 
that foaming can be eliminated by the 
addition of a small amount of diglycol 
jaurate or a similar compound. 

Certain properties of dye-bentonite 
muds, such as stability, gel strength, 
and filtration characteristics, are great- 
ly improved by incorporating a small 
amount of wheat flour or starch in the 
muds. The flour or starch does not un- 
dergo decomposition by organisms be- 
cause of the preservative action of the 
dye in the mud. 7 

Muds having high specific gravities 
are obtained by the addition of barites, 
as with ordinary muds. 

Dye-bentonite muds. The results 
of tests on some representative methyl 
violet bentonite muds are given in Ta- 
ble 4. The methods used in making the 
tests were as follows: 

pH.—The pH values of the muds 
were determined by means of a cell con- 
sisting of an antimony electrode and a 
calomel electrode. 

Stability —A 250-cc. sample of the 
mud was allowed to stand in a 250-cc. 
graduate for 24 hr. at 77° F. The su- 
pernatant liquor was then decanted and 
the specific gravity of the top 25 cc. of 
mud was determined. 

Stormer viscosity.—The time requir- 
ed for 100 rotations of the cylinder was 
determined, using various weights on 
the pan of the apparatus. The weight re- 
quired to give 600 r.p.m. was found by 
interpolation and the viscosity of the 
mud was read from the calibration 
curve of the viscosimeter. 

Initial gel strength.—The weight re- 
quired to start the rotation of the inner 
cylinder of the Stormer viscosimeter 
was determined immediately after the 
mud had been agitated by rotation of 
the inner cylinder. This weight was 
considered a measure of the initial gel 
strength of the mud. 

10-minute Gel Strength—The mud 
was agitated and then allowed to stand 
10 min.; the weight required to start 
the rotation of the inner cylinder was 
then determined. This weight was taken 
as a measure of the thixotropic quality 
of the mud. 

Filtration characteristics.—The 
muds were filtered under a pressure of 
100 lb. per sq. in. through a filter area 
of 16 sq. in. at 120° F. and the volume 
of filtrate was read periodically. At the 
end of the test the thickness of the fil- 
ter cake was measured, if possible. 

When a mud is filtered in the manner 
described, the volume of filtrate v and 
the time ¢ are related by the following 
equation:** 

v=kv/ttE 
The constant & is determined by meas- 
uring the slope of the curve obtained by 


plotting v against \/t. This constant is 
a measure of the ability of the mud to 


form an impermeable filter cake. The 
smaller the value of &, the lower the 
rate of filtration of liquid from the 
mud. For muds of similar composition 
the thickness of the filter cake decreases 
as k decreases. Values of & can be deter- 
mined more accurately than cake thick- 
ness or filtrate volume. 

Effect on heaving shale. A heav- 
ing-shale cutting (obtained while drill- 
ing with silicate mud) was carefully 
scraped to remove the coating of sodium 
silicate. The shale cutting was then 
placed in the mud and inspected period- 
ically for evidence of swelling or disin- 
tegration. 





After standing at high temperatures 
for a long period of time, these muds 
undergo little or no change in proper- 
ties. Table 5 shows the effect of main- 
taining positive colloid muds at 150°F. 
for 4 weeks. 

Corrosion tests were made on repre- 
sentative positive colloid muds, satu- 
rated with air, in contact with metals 
similar to those used in drilling. It was 
found that the loss in weight due to 
corrosion was negligible at the tempera- 
tures employed (up to 150° F.). 

The behavior of the muds toward 
various materials encountered during 
drilling can be determined only by 
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BAROID PRODUCTS — BAROID > 
IMPERMEX 


FOR SPECIAL DRILLING PROBLEMS 


The following products were developed by Baroid 
Sales Division for the purpose of overcoming spe- 
cial drilling problems. These have the same high 
quality as other Baroid Products and have proved 
their efficiency in thousands of wells. 


This clay gives a high 
yield and stable characteristics in salt water. It acts 
as a suspending agent to counteract the flocculating 
effect of oil field brines and is recommended for use 
in drilling formations which contain a high percent- 
age of salt or salt water. A 5% per cent suspension 
by weight of ZEOGEL in brine yields 100 barrels of 
drilling mud per ton. 


BAROCO 





This is an inexpensive, 
high-quality, mud-making clay particularly suitable 
for use in drilling through formations containing salt, 
anhydrite or gypsum. It has a high resistance to the 
flocculating action of salt or other chemicals and is 
widely used where the formations, the water in the 
formations or the water used to mix the mud contain 
flocculating electrolytes. BAROCO makes as many as 
40 barrels of excellent drilling mud per ton when 
mixed in fresh water. 


AQUAGEL »* 


* ZEOGEL © MICATEX + ANHYDROX 


FIBROTEX + BAROCO * 


* TESTING EQUIPMENT 


c 


to recondition cement-cut mud, or to prevent mud 
from becoming cement-cut. Before its development, 
it was often necessary to discard all the mud in the 
system immediately after drilling out a cement plug. 
The success of SMENTOX has been proved by its in. 
creasing use by operators who realize the money 
and time-saving possibilities of the treatment. 
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means of actual tests in the field. The 
following discussion is purely specula- 
tive, but it gives some idea of what 
should be expected during drilling. 

Very little trouble, if any, should be 
caused by the infiltration of formation 
water into the drill hole filled with posi- 
tive colloid mud. Because of the su- 
perior sealing qualities of the mud, it 
should be possible to use a specific grav- 
ity great enough to substantially pre- 
vent the influx of water. 


The effect of mixing the mud with 
solid drill cuttings will depend toa great 
degree on the size of the cuttings. If the 
cuttings are very finely pulverized and 
disintegrated, there is a possibility of 
interaction between the dye (in the 
mud) and shale or limestone cuttings, 
resulting in the removal of the dye from 
the inud. On the other hand, if the cut- 
tings are large fragments or slices, they 
should have little effect on the mud. 
The effects of drilling through fairly 
thin layers of limestone probably could 
be overcome by adjustment of the pH 
of the mud. Very thick layers of lime- 
stone might make it difficult, or impos- 
sible, to use a mud of this type. It is 
believed that the amount of lime ordi- 
narily encountered in heaving shale 
areas is not large enough to cause se- 
rious trouble, but this point can be 
established only by actual drilling tests. 

Positive colloid muds vs. silicate 
muds. Thus far the drilling fluids that 
have been the most nearly satisfactory 
for drilling through heaving shale are 
the silicate muds. The positive colloid 
muds described possess certain distinct 
advantages over silicate muds, which 
can be understood more easily if one 
realizes the differences in the nature of 
the two types of muds. 

In the silicate muds the liquid suspen- 
sion medium usually consists of two 
thirds D-brand sodium silicate, by vol- 
ume, plus one third saturated sodium 
chloride solution. This mixture, being 
strongly alkaline as well as saline, has a 
great flocculating, or precipitating, ef- 
fect on ordinary negative clay colloids, 
for such colloids form stable dispersions 
only in the pH range from about 8 to 
12 and in the absence of high concen- 
trations of electrolytes. For this reason 
the clay and bentonite present in silicate 
muds are not dispersed in the form of 
dectrically charged, hydrated, colloidal 
particles. These particles are prevented 
trom settling rapidly because of the 
high viscosity of the silicate mixture. 
The flocculating nature of the silicate 
mixture also prevents the swelling and 
disintegration of heaving shale. Lastly, 
the wall-sealing properties of the silicate 
muds are due to the high viscosity of the 
liquid silicate suspension medium, rath- 
er than the presence of highly hydrated, 





TABLE 5 
Effect of aging positive colloid muds 
150° F. 


100-b. fil- | 


| _ ter test, | Stormer 
120°F., 16- | viscosity 
> | at 120°F., 
| cc. filtrate | a 
Mud Composition |_in 30 min. | 
No. of mud, per cent | | | 
After 4 | After 4 
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| Ini-| stand-| Ini-| stand- 
tial | ing at | tial | ing at 
150°F,| | 150°F. 
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0.1 diglycol laurate 


1.00 bentonite | 
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2.67 wheat flour | 18 | 15 | 46| 46 
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colloidal material with low permeability 
to water.*® 

In contrast to silicate muds, the posi- 
tive colloid muds contain highly hy- 
drated, colloidally dispersed particles 
bearing positive electrical charges. 
When the mud is placed in contact with 
heaving shale, the methyl violet (or 
other basic dye) in the mud neutralizes 
the natural negative charges in the sur- 
face of the shale particles. After the 
shale is neutralized, it cannot swell, for 
the ions whose hydration is responsible 
for the swelling (Na, K, etc.) have been 
replaced by dye ions. 

While the wall-sealing ability of the 
silicate mud depends upon the high vis- 
cosity of the liquid suspension medium, 
the sealing ability of the positive colloid 
muds is caused by the presence of col- 
loidal material that is almost imper- 
meable to water, even at high temper- 
atures, 

The great differences between posi- 
tive colloid muds and silicate muds are 
demonstrated by the results of filter 
tests carried out on these muds at va- 
rious temperatures. Fig. 1 shows the 
values of the filtration, or sealing, con- 
stant k for representative muds of these 
two types, as well as two typical aque- 
ous muds, at various temperatures. 

The very low values of & obtained for 
positive colloid muds show that these 
muds seal very rapidly and that very 
little liquid could be forced from such 
a mud into the formation being drilled. 
This results in a very thin filter cake, 
minimizing the possibility of stuck drill 
pipe. Furthermore, the sealing ability of 
the positive colloid muds undergoes only 
a slight change when the temperature 
is increased from 80° to 160° F. 

On the other hand, the silicate mud 
loses much more filtrate than the posi- 
tive colloid mud does under the same 
conditions, even at low temperatures. 
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Much more serious is the fact that the 
silicate mud rapidly loses its ability to 
seal when the temperature is raised, so 
that in this respect it is worse than an 
ordinary aqueous clay mud at 160°F. 


The loss of sealing ability shown by 
the silicate mud at higher temperatures 
appears to be due to the fact that this 
mud contains no colloidally dispersed 
material. Since the sealing of the filter 
cake must be accomplished by plugging 
the pores of the cake with fine particles 
(not colloidal) of clay and bentonite, 
a decrease in the viscosity of the liquid 
therefore causes a great increase in the 
volume of filtrate that can pass before 
the filter cake is plugged. We have de- 
termined the viscosity of the filtrate 
from the silicate mud tested (No. 2, 
Fig. 1) and found that the liquid is 
about five times as viscous at 80° F. as 
it is at 160° F. This is approximately 
the factor by which the filtration con- 
stant k is changed in this temperature 
interval, indicating that the loss of seal- 
ing ability is caused by the rapid in- 
crease in the viscosity of the liquid and 
the absence of colloidal sealing ma- 
terial. 


Viscosity measurements that we have 
made on positive colloid muds and sili- 
cate muds at various temperatures have 
shown that the viscosity of silicate mud 
increases much more rapidly than that 
of positive colloid mud when the tem- 
perature is decreased. In going from 
135° to 77°F. the viscosity of the 
silicate mud is almost doubled, while 
the same temperature change causes an 
increase of only about 50 per cent in 
the viscosity of the positive colloid 
muds, as measured with the Stormer 
viscosimeter, 


A rather serious objection to the use 
of silicate mud is based on the effect of 
such a mud on electrical logs or well 
surveys. In order to obtain correct re- 
sults with electrical logging apparatus, 
it is desirable to use a mud that has ap- 
proximately the same electrical resis- 
tivity as the formation drilled; that is, 
for shale formations, about 2 ohms per 
meter cubed. The results of resistivity 
measurements given in Table 6 show 
that the resistivities of typical silicate 
muds are actually less than one tenth 
of the desired value. For this reason it is 
to be expected that surveys taken in 
holes filled with these muds will be dis- 
torted and relatively inaccurate, and 
this conclusion is borne out by the ex- 
perience of operators. On the other 
hand, positive colloid muds have resis- 
tivities that lie between those of ordi- 
nary aqueous muds and the resistivity 
of shale, so a hole filled with positive 
colloid mud should yield accurate, un- 
distorted electrical logs. 


The initial cost per barrel of the posi- 
tive colloid muds is about 25 per cent 
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Reservoir Performance* 


By JOHN J. MULLANE 
The Carter Oil Company 


HE necessity and desirability of 
cowie petroleum reservoirs at 
the maximum efficiency practicable 
have occasioned the development of the 
growing science of reservoir engineer- 
ing. The proper development and con- 
rol of oil reservoirs form the subject 
matter of this field. During recent years, 
the work of a number of petroleum 
technologists has resulted in the estab- 
jshment of certain basic principles, 
upon which modern thought on oil 
reservoir performance is based. It is the 
purpose of this paper to present these 
principles and to show by actual ex- 
amples how they may be effectively 
utilized. 

Reservoir performance. Three 
definite modes of performance of pe- 
troleum reservoirs have been recogniz- 
ed: (1) Dissolved gas drive, (2) gas 
cap drive, and (3) water drive. 
These are defined according to the 
sources of energy, or drive, under 
which the oil is moved through 
the producing formation into the 
well, It is important to know the 
outstanding features that characterize 
each of these types of operation, be- 
cause, in a great many instances, it is 
possible to make a choice between them 
at an early stage of the development of 
a field. In particular, what must be 
known are the criteria by which one 
kind of performance may be dis- 
tinguished from another, the conse- 
quences that result from a specific 
choice, and the operating procedures 
that must be followed to achieve the 
type of performance desired. The char- 
acter of each type of drive will be 
briefily outlined and illustrated with 
examples taken from field experience. 


Dissolved gas drive. Where the sole 
source of energy available or utilized to 
produce the oil from the reservoir is in 
the gas dissolved in the oil, the reservoir 
is defined as being in operation under a 
dissolved gas drive. This type of per- 
formance is characterized by continu- 
ous and rapid decline in reservoir pres- 
sure, paralleled by a steady decline in 
well potentials, and it exhibits a dis- 
tinctive gas-oil ratio behavior, in which 
the gas-oil ratio rises steadily to a maxi- 
mum value several times the original 
tatio and thereafter declines. The re- 
covery to be expected from this type 
of mechanism ranges from 15 to 40 per 
cent of the oil originally in place. 

The conditions which make this 
method of operation mandatory are: 
before American Petroleum Institute, 
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Oklahoma, 


(a) Flat structure, usually with 
substantial stratification or low vertical 
permeability, obviating the possibility 
of appreciable gravitational segregation 
of gas released from solution. 

(b) Absence of a free gas cap or 
of a water body that could move into 
the oil reservoir. 

(c) High rate of production, sub- 
stantially exceeding the ability of any 
water present to advance into the reser- 
voirs, or the ability of a free gas cap, 
if present, to expand efficiently. 

In Fig. 1 is shown the production 
statistics for the Gloyd-Mitchell zone 
of the Rodessa field, Louisiana. This 
reservoir is a nearly flat extension of 
the main Rodessa structure. Production 
is from two intervals in the Gloyd zone, 
found at 5900 ft. The upper one of 
these, a sandy lime, is known as the 
Mitchell sand, and the lower section is 
predominantly oolitic lime and is desig- 
nated as the Lower Gloyd. The oil pro- 
duced from this field has a suface 
gravity of 42° to 43° A. P. L, and the 
solution gas was originally 627 cu. ft. 
per bbl. under the original pressure of 
2400 Ib. per sq. in. No free gas was 
originally present in this section, and 
there has been no evidence of water 
drive noted. The wells completed in 
this zone were produced at high rates 
and experienced a rapid decline in pro- 
duction. The availability of reasonably 
accurate data on this field has made 
possible the presentation of an excellent 
practical example of the salient fea- 
tures of this type of drive and provides 
a satisfactory check on the theoretical 
expectancy. It will be noted that the 
production and pressures both suffered 


Fig. 1. Graphical statistics, Rodessa 
field, northwest Gloyd extension 
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a steady, rapid decline, and the gas-oil 
ratio history has exhibited behavior 
typical of this type of drive. 

The ultimate recovery from this zone 
has been estimated to be 20 per cent of 
the original oil in place. This low re- 
covery is in accord with the expecta- 
tion for this type of drive. This con- 
clusion is based on the study of a num- 
ber of fields which have been wholly, 
or largely, produced under this mecha- 
nism, and includes fields producing 
from the Chester sands in Illinois and 
the Bartlesville sand in Oklahoma. 
While recoveries as high as 40 per cent 
may be anticipated under this drive, 
by far the majority of cases reviewed 
showed recoveries that ranged from 20 
to 30 per cent. 

Gas cap drive. Under this type of 
drive or recovery mechanism, a distinct 
free gas area, either originally present 
or created, expands, or is caused to ex- 
pand by injection of gas, thus encroach- 
ing downward into the oil zone and dis- 
placing oil downstructure. Here the 
energy in the system in the form of 
solution gas is augmented by that of the 
expanding gas cap and, under proper 
conditions, will be further enhanced 
by the force of gravity. In this type of 
drive, the pressure may be either main- 
tained at approximately its original 
value or maintained under a controlled 
decline. At the same time, the produc- 
ing rates are maintained at more uni- 
form levels than is possible under ordi- 
nary dissolved gas drive operation. The 
free gas in fields of this kind is virtually 
all segregated in the gas cap zone, and 
the gas-oil ratio of all wells, except 
those close to the gas-oil contact, re- 
mains at a low value. The gas-oil ratio 
of wells close to the gas-oil contact 
continues to rise until largely free gas 
is produced, at which time they are 
closed to production. The ultimate re- 
covery to be expected from this re- 
covery mechanism will range from 40 
per cent to possibly as high as 80 per 
cent of the original oil in place. 

The conditions that favor this type 
of operation are: 


(a) The sand must have high 
permeability, since for practical pur- 
poses the prevention of channeling and 
by-passing of gas, both that evolved 
from solution and that previously in 
the gas cap, would be very difficult if 
this condition were not fulfilled. 


(b) Pronounced structure is usually 
necessary to aid gravitational segrega- 
tion. 


(c) The sands must be continuous 
and reasonably uniform to permit 
thorough displacement of the oil as the 
gas cap expands through the oil body. 

(d) Some restriction of oil with- 
drawal rate is necessary to prevent gas 
channeling and bypassing. 


93 
























(e) Careful gas conservation is 
usually necessary-if the full use of the 
displacing ability of the gas cap is to 
be enjoyed. In some cases, this may re- 
quire return of gas to the crest of the 
structure. 

As an example of this type of opera- 
tion, the production statistics for the 
Mile Six pool in Peru are shown in Fig. 
2. This field, which produced a 40° A. 
P. I. gravity oil from the Parinas sand- 
stone, met the requirements for gas cap 
drive operation. It has good porosity 
and permeability and pronounced 
structural relief, as is seen on the struc- 
ture map in Fig. 3. Throughout opera- 
tions, there has been a high degree of 
gravitational segregation, and the vol- 
ume of gas returned to the sand up to 
1940, amounted to 127 per cent of all 
the gas produced from the field. The 
effect of this on the downward migra- 
tion of the gas-oil contact is graphically 
illustrated on the map in Fig. 3. It will 
be observed in Fig. 2 that the pressure 
has been maintained almost at the orig- 
inal level and that gas-oil ratios have 
held remarkably constant. Practically 
all of the oil produced from this pool to 
date has been obtained by natural flow, 
and the indicated recovery efficiency is 
approximately 50 per cent. This rela- 
tively high efficiency is typical of this 
recovery mechanism. 

Water drive. When, in a petroleum 
reservoir, the principal means for the 
displacement of oil from a producing 
horizon into the wells is the encroach- 
ment of edge water or bottom water 
into the oil zone, under the influence of 
the pressure gradients created by the 
production from the wells, the reser- 
voir is said to be operating under a water 
drive. The chief operating character- 
istics of this type recovery mechanism 
are the maintenance of reservoir pres- 
































sure at relatively high levels through- 
out the course of production, the reten- 
tion of productivity by the wells, and 
operation at low gas-oil ratios. The de- 
gree to which these ends are attained 
depends on the relation that exists for 
a particular reservoir between the rate 
at which oil, gas, and water are removed 
from the reservoir and the rate of in- 
flux of water. The recovery of oil under 
this mechanism will range from 40 per 
cent to as high as 80 per cent, depending 
on the properties of the reservoir and 
its contained fluids. 

Water drive may come about in two 
ways: (1) Simple artesian flow, which 
is comparatively rare, and (2) as a re- 
sult of the expansion of the water in 
that part of the reservoir outside the 
oil zone. The requirements for a satis- 
factory water drive are as follows: 

(a) The oil body must be in good 
communication with a permeable and 
continuous water bearing sand (usually 
the regional continuation of the oil sand 
itself) of considerable areal ‘extent, or 
outcropping at a reasonable distance. 

(b) The permeability of the sand 
must be fairly high, so that the rate of 
water advance can be sufficient to be 
of benefit within practical time limita- 
tions. Similarly, oil viscosity must be 
reasonably low. 

(c) The sands in the oil reservoir 
proper must be reasonably continuous 
and uniform, so that effective flushing 
may be obtained. 

(d) Rate of fluid withdrawals must 
be restricted to a level commensurate 
with the ability of the water to advance 
evenly into the oil sands, if maximum 
effectiveness of the flushing action, 
through avoidance of channeling and 
bypassing by the encroaching water, is 
to be realized. 

The behavior of the Dix pool (Fig. 


Fig. 2. Operating data, Mile Six pool 
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Fig. 3. Migration of gas-oil contact, 
Mile Six oil pool 


4) in Jefferson County, Illinois, fur- 
nishes an excellent example of a field 
operated under the water drive recovery 
mechanism. The reservoir here is a small 
anticlinal dome in the Bethel sand, and 
the water bearing part is continuous in 
all directions from the pool for a dis- 
tance of at least 20 miles. Throughout 
the life of the field to date, the pres- 
sure in the reservoir has been maintain- 
ed above the saturation pressure (270 
Ib. per sq. in.) of the oil. It is of interest 
to note that, in the past year, there has 
been a buildup in pressure of 19 Ib. pa 
sq. in. The water encroachment has 
been, and remains, uniform, the water 
contours following the structure ver) 
closely. It is too early in the life of this 
operation to forecast accurately the re- 
covery efficiency for the reservoir, but 
preliminary estimates place it in the 
neighborhood of 40 per cent. This is to 
be compared with East Texas, which is 
at the opposite extremity of the eff- 
ciency range. At East Texas, the re- 
covery has been estimated, both from 
cores taken in the flooded zones and 
from careful calculations, to be ap- 
proximately 80 per cent. Other water 
drive fields, such as Magnolia, Ar- 
kansas, producing from the Smackovet 
lime, and North Searight, Oklahoma, 
producing from the Ordovician Wilcox 
sand, lie in between these extremes. In 
general, there is to be found a relation 
between the recovery efficiency and the 
properties of the reservoir and its con- 
tained fluids. In particular, recovery is 
affected by the permeability of the 
reservoir and the viscosity of the oil, 
and, in a more general way, the recov- 
ery will be affected by the uniformity, 
or lack of it, in the reservoir. Further, 
there are capillary forces at the oil- 
water interface which exert a definite, 
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but as yet not measured, effect on the 
recovery. At Dix, the reservoir sand 
has a permeability of 80 millidarcys, 
and the reservoir oil viscosity is 2.5 
centipoises, whereas at East Texas, the 
permeability of the Woodbine sand 
averages 1500 millidarcys, and the 
reservoir viscosity is low, approximat- 
ing 1.5 centipoises. In general, however, 
while the recovery under water drive 
may vary from 40 to 80 per cent, de- 
pending on reservoir conditions, for any 
particular reservoir water drive can be 
expected to yield a higher recovery than 
simple dissolved gas drive. To return to 
the example given above, normal re- 
coveries by simple gas expansion in the 
Bethel and other Chester Series sands 
in the Illinois Basin average 20 to 25 
per cent, whereas recovery from this 
sand under water drive will approxi- 
mate 40 per cent. 

Comparative behavior. To sum- 
marize the principles observed above, 
we may draw the following conclus- 
ions, with regard to the comparative 
behavior of these three fundamental re- 
covery mechanisms: 

1. The simple dissolved gas drive 
mechanism operates with a rapid de- 
pletion of pressure, whereas in the gas 
cap drive or in the water drive, pres- 
sure is maintained at relatively high 
levels, if the proper operating practices 
suitable to each are observed. 

2. In the dissolved gas drive opera- 
tion, there is an extremely rapid de- 
cline in the production rate, due to the 
rapid depletion of energy, compared to 
the retention of productivity at higher 
levels in the other recovery mecha- 
nisms. 

3. Each type of drive shows a dis- 
tinctive gas-oil ratio behavior. In Fig. 5 
there is shown typical gas-oil ratio be- 
havior of the two types of gas drive re- 
covery. It will be noticed that, in the 


dissolved gas drive, there is a very rapid 
depletion of the gas in solution, whereas 
in the gas cap drive, particularly under 
those conditions favorable to gravita- 
tional segregation, the gas is conserved 
in such a manner as to be of material as- 
sistance in promoting higher ultimate 
recovery, and the gas-oil ratio through- 
out the major part of the life of the 
operation is maintained at a low level. 
It will be observed that, where gravita- 
tional segregation of oil and gas is not 
effective, the gas cap drive mechanism 
reverts to a behavior lying between 
that of simple dissolved gas drive and 
gas cap drive, coupled with complete 
segregation. Lack of segregation will re- 
sult in the production of excessive 
amounts of gas, rather than in its reten- 
tion in the reservoir. Such a condition 
may be encountered in very flat struc- 
tures that afford little opportunity for 
the control of the free gas, in tight 
sands, or in repressuring operations, 
in which gas injection is made through- 
out the oil acreage. In water drive 
operations, where properly controlled, 
the gas-oil ratio is also maintained at 
low levels and, under some conditions, 
can be maintained at solution gas- 
oil ratio over virtually the entire pro- 
ducing life of the pool. This is par- 
ticularly true in such cases as the Dix 
pool, cited above, in which the reser- 
voir oil was initially undersaturated. 
In those cases where the oil is initially 
saturated at the original bottom hole 
pressure and a free gas cap is present, 
adequate control of gas-oil ratio and the 
avoidance of the production of gas from 
the gas cap can usually be attained by 
proper well completion and production 
techniques. 

4. With regard to ultimate recovery, 
these types of performance are again di- 
vided into two distinct groups: A dis- 
solved gas drive with a generally low 


Fig. 4. Pressure decline and fluid withdrawal, Dix pool, Jefferson County, Illinois 
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Fig. 5. Typical gas-oil ratio behavior of 
the two types of gas drive recovery 


recovery and the gas cap drive and 
water drive with generally higher re. 
coveries. Experience and study have 
shown that the dissolved gas drive 
mechanism is inherently the most in- 
efficient means of recovering oil. Lab- 
oratory experimental work’ on the ex- 
pulsion of oil from sands through the 
medium of dissolved gas drive has 
shown that, when the gas saturation in 
the sand reaches approximately 10 per 
cent of the pore volume, the flow of 
gas, hence the gas-oil ratio, increases 
rapidly, and when the gas saturation 
reaches approximately 20 to 35 per cent 
of the pore volume, the production of 
oil becomes negligible. In other words, 
the recovery of this type of drive, ex- 
pressed as per cent of pore volume, will 
be, generally, in the neighborhood of 
25 per cent. It is apparent, of course, 
that the percentage recovery, in terms 
of the original oil in place, will vary 
with the percentage of connate water 
in the sand. The recovery efficiencies, 
then, in dissolved gas drive, depends 
only on the composition and properties 
of the reservoir and its contained fluids, 
In the case of gas cap drive, coupled 
with gravitational segregation, the ex 
amples cited above illustrate the higher 
recoveries obtained under this mercha 
nism. To capitalize to the greatest pos 
sible extent on this type of drive, it is 
often desirable to augment the free 
gas originally present by injection of at 
least all of the produced gas, to maili- 
tain the pool energy at a high level. The 
inherent efficiencies of gravitational 
segregation and gravity drainage alone 
aré graphically illustrated by the be 
havior of the Oklahoma City field, 
which produces in the Ordovician Wil- 
cox sand. At the time the pressures had 
reached 100 lb. per sq. in., only 23 per 
cent of the original oil in place had been 
recovered. Although the pressure in this 
reservoir had been rapidly depleted, the 
recovery to January, 1941, was 35 péef 
cent of the estimated oil in place and 
is expected to reach 50 per cent to 5) 
per cent ultimately by primary means. 
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The difference between the ultimate re- 
covery and the recovery at the time of 
pressure depletion can be attributed 
largely to the mechanism of gravita- 
tional segregation. In the updip part of 
the structure on the east flank of the 
pool, cores taken in that part of the 
sand taken over by gas have measured 
residual oil saturations as low as 20 per 
cent. It is to be noted, however, that, 
in this pool, where the energy was not 
maintained, as was the case in the Mile 
Six pool, much of the oil to be recov- 


ered will be produced at relatively low 


rates. Further, the sand quality in the 
Wilcox horizon definitely represents the 
most favorable conditions that could 
be encountered. In general, in this type 
of field, both from an economic point 
of view and from the point of view of 
recovery efficiencies, the maintenance 
of reservoir energy through the injec- 
tion of gas is to be preferred. 

The low residual saturations obtain- 
able under water drive have been deter- 
mined by the analysis of cores taken 
from the Woodbine sand at East Texas, 
in that part of the producing horizon 
already flooded out by water. Further 
testimony to this is obtained from the 
experience of water flood operations, in 
which, in the Oklahoma-Kansas shal- 
low area, residual saturations slightly 
below 25 per cent of the total pore vol- 
ume actually flooded have been obtain- 
ed in the Bartlesville sand. While these 
figures definitely represent the maxi- 
mum efficiency obtainable, an analysis 
of other water drive operations def- 
initely establish the superiority of this 
type of recovery mechanism over sim- 
ple depletion type operation. 

5. In addition to the obvious ad- 
vantages involved in greater ultimate 
recoveries, the gas cap and water drive 
mechanisms offer also definite advan- 
tages from an operating point of view. 
In many cases, operations under these 
kinds of drives can be conducted with 
most, if not all, of the wells in the field 
producing by natural flow throughout 
most of their life, whereas under dis- 
solved gas drive, the flowing life of the 
wells is usually brief. Particularly in 
water drive operations, there will be 
some cases where, even though the field 
is produced at efficient rates, it will be 
necessary to resort to pumping produc- 
tion. This will occur in fields where the 
oil is so greatly undersaturated that 
there is insufficient energy to flow the 
wells. Further, it is also to be noted that, 
where water production in the wells 
reaches a range from 20 to 50 per cent 
ef the fluid produced, it will usually 
be necessary to‘resort to pumping. 

From the foregoing points, the su- 
periority of gas cap drive and water 
drive over simple dissolved gas drive 
is definitely established. In actual prac- 
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Fig. 6. Schematic diagram of a 
reservoir 

tice, of course, many reservoirs are 
found to be operating under more than 
one form of drive; however, some one 
recovery mechanism usually dominates, 
or can be made to dominate, the per- 
formance of the field. The major prob- 
lem, then, that confronts the operator 
and the reservoir engineer when a field 
is opened to development is to establish 
what type of drive is present, or what 
type of drive is to be utilized in the op- 
eration of the reservoir. It is apparent 
that only when no other alternatives 
are possible will dissolved gas drive be 
employed, if the maximum efficiency is 
to be obtained. 

Identification of the type of 
drive. Often, excellent indications of 
the type of drive that may be antici- 
pated in a given field can be obtained 
from a study of the geological data that 
is available concerning the general area 


Fig. 7. Production statistics, North Searight pool 
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in which development is planned. Thy 
geologic information required for pre. 
liminary study directed to the identi. 
fication of the type, or types, of drive 
possible are given in the following 
statements: 

1. The nature and extent of the 
horizon to be exploited should be 
known. In this connection, it is desir. 
able to know whether the prospective 
producing horizon is reasonably con. 
tinuous over a large area, such as, for 
example, the Smackover lime, or wheth. 
er it consists largely of more or less 
isolated sand bars, such as the Walters. 
burg sand in Illinois or the Bartlesville 
sand in Oklahoma. From these data, it 
can be deducted whether or not there 
exists a sufficiently large body of water 
in connection with the oil reservoir to 
sustain a water drive. In general, what 
is required for this purpose is a continv- 
ous water bearing horizon, extending 
from 10 to 20 miles from the edge of 
the pool. 

2. The presence or absence of major 
faults should be noted. If the accumuls- 
tion is against a fault, or near a major 
fault, the degree of water drive attain- 
able will be reduced. This will tend to 
limit the rate of production that the 
water drive can sustain. 

3. The continuity of porosity and 
permeability in the horizon should be 
determined as soon as possible. This in- 
formation affords further indications 
of the possibilities of the presence or 
absence of a water drive. 

From these preliminary data and the 
subsurface geologic data obtainable 
from early wells, which data define the 
nature and extent of the oil reservoir, 
the structural relief, the presence or 
absence of an original gas cap, and the 
location of the water table, if one is 
found to be present, an excellent pre- 
liminary picture of the possibilities may 
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be set up. This can be well illustrated 
by the following example. In Fig. 6 is 
shown a schematic diagram of an actual 
reservoir. This oil accumulation was in 
a sand bar, extending for several miles 
on a northeast-southwest trend. The lo- 
cation of a major fault running in a 
north-south direction to the north and 
east of the field, as shown in the dia- 
gram, was known. A few dry holes in 
the shale zone were drilled, defining the 
edge of the reservoir and also the con- 
tinuity of the permeability and porosity 
on either side of the pool. Porous and 
permeable sand was found only to the 
southwest of the pool. From these data, 
then, it can be immediately concluded 
that only a very limited water drive is 
possible in this field. If, for example, the 
sand had been continuous in all direc- 
tions around the pool for a distance of 
several miles, such as was the case in 
the Dix pool, previously cited, the pos- 
sibilities for a water drive would have 
looked favorable. 

Immediately upon completion of the 
first well, there should also be made a 
number of physical measurements, 
which will be of value in making an 
engineering study of the pool and in 
identifying the type of drive to be em- 
ployed. Included in these are electric 
logs, core analyses, and bottom hole 
pressure and bottom hole sample data. 
With these geologic data and the phys- 
ical measurements made during the early 
development of the pool, it will usually 
be possible to tell reasonably early in 
the life of the pool whether or not a sat- 


Fig. 8. North Searight pool, Keokuk area 


isfactory water drive exists. If a water 
drive can definitely be ruled out on the 
early data, the possibilities for gas cap 
drive can usually be determined as soon 
as sufficient wells have been drilled to 
define the properties of the reservoir, 
such as structural relief, porosity, per- 
meability, and degree of stratification, 
and the extent of any gas cap found to 
be present. In many cases, there will be 
found distinct possibilities for the 
avoidance of operation under dissolved 
gas drive. In general, until such time as 
a decision on the type of drive to be em- 
ployed has been made, conservative pro- 
ducing rates should be employed, in or- 
der to avoid doing harm to the reservoir 
through the loss of energy, which may 
be difficult to retrieve. 

Reservoir control. It has been 
pointed out that the first problem in the 
control of the performance of a new 
reservoir is the absolute avoidance of 
the use of a dissolved gas drive as the 
recovery mechanism, if it is at all pos- 
sible. Further, it has been stressed that 
conservative producing rates should be 
employed, until such time as the field is 
adequately explored and defined and the 
type of recovery mechanism to be used 
is identified. 

In a gas cap drive, usually, the pri- 
mary problem is the control of gas pro- 
duction. In this case, the rate of pro- 
duction must be consistent with the 
rate at which effective segregation of 
the gas and oil can take place. Further, 
there must be maintained a uniform 
advance of the gas-oil contact down- 


structure as the gas cap expands and 
the production of gas from the gas cap 
must be held to a minimum. Where 
pressure is being maintained by gas in- 
jection, the rate of withdrawal must be 
balanced with the rate of injection of 
gas. Excessive rates of production by 
individual wells in a field of this kind 
create high gas saturations in the sand 
adjacent to the well bore and can create 
serious problems of gas channeling, par- 
ticularly in wells in the neighborhood 
of the gas-oil contact. Further, produc- 
tion at excessive rates in fields produc- 
ing under this type of drive does not 
permit taking advantage of the benefits 
to be obtained from the gravitational 
segregation of oil and gas in the reser- 
voir, with its attendant high liquid 
saturations and high well productivities 
in the downstructure part of the reser- 
voir. In outline, then, the proper pro- 
ducing procedure for a reservoir of this 
type is the production of oil at such 
rates as to minimize free gas production 
and gas channeling and to maintain a 
uniform encroachment of the gas-oil 
contact downstructure, highest degrees 
of segregation of oil and gas, and a 
maximum liquid saturation in the pro- 
ducing horizon downstructure. Where 
possible, the return of produced gas to 
the reservoir should be considered, to 
maintain reservoir energy, low fluid vis- 
cosities, and more uniform producing 
rates. 

In water drive operation, there ap- 
pears every type of control problem 
likely to be found in any reservoir. Pri- 


Fig. 9. Comparative pressure behavior, Elk Basin field 
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mary problems encountered in fields of 
this kind are the control of producing 
rates at such levels as to maintain a 
balance or a favorable ratio between 
withdrawals and water influx, the main- 
tenance of a uniform encroachment of 
the water, and the control of water and 
gas production. 

In Fig. 7 are shown the production 
statistics for the North Searight pool, 
Oklahoma, another typical water drive 
operation. Production in this field is 
from the Wilcox sand. Here, through 
the medium of proration, producing 
rates have been such as to maintain a 
balance between fluid withdrawals and 
influx of water into the reservoir, such 
that pressure may be maintained at a 
high level. Moreover, as will be seen 
from Fig. 8, there has been a uniform 
movement of the water table upstruc- 
ture. This feature is desirable, in order 
to attain a uniform displacement of oil 
from the sand in that part of the reser- 
voir flooded by water. 

The importance of effective control 
of the rate of production from a reser- 
voir, particularly in the early stages of 
development, is graphically illustrated 
by the behavior of the Elk Basin field, 
which produces from the Tensleep sand 
in Wyoming and Montana. From geo- 
logic considerations and from the be- 
havior of another nearby Tensleep reser- 
voir, there is reason to believe that a 
water drive of some magnitude may be 
present. However, at the rates of pro- 
duction that prevailed in the past, there 
has been a very rapid decline in pres- 
sure, and engineering study has shown 
that, at these rates, it is impossible to 
tell whether or not a water drive exists. 
The calculations shown in Fig. 9 illus- 
trate this problem. In the study of the 
behavior of this reservoir, the pressure 
history to be anticipated was calculated 
on the basis of two assumptions: First, 
that a water drive exists; and, second, 
that no water drive exists and the pro- 
duction is due solely to the expansion 





of oil and its contained gas within the 
boundaries. 

Important tools for the solution of 
problems of this kind have been de- 
veloped by.Muskat?, Bruce*, Schilthuis* 
and Katz’. The most interesting and 
important feature of the calculations 
shown in Fig. 9 is that, at the high rate 
of production of 600 bbl. per well day, 
so far as pressure behavior was con- 
cerned, there is no distinction between 
water drive and simple depletion opera- 
tion. Under these conditions, a satisfac- 
tory decision as to the type of drive 
possible in this field could not be made, 
and, in the meanwhile, there was occur- 
ring a rapid depletion of reservoir en- 
ergy. It will be observed that, at the 
lower rates of production, there is 
afforded an opportunity to make the 
necessary distinction and also to main- 
tain the energy of the reservoir at a 
high level. This latter feature is, of 
course, of importance, whether or not a 
water drive materializes. If it should 
fail to materialize, this high energy level 
will be of value, in order that the maxi- 
mum benefits of a gas cap drive may be 
employed. This reservoir is a steeply 
folded structure, has good permeability, 
and the crude oil at the present pressure 
levels has a relatively low viscosity. 
Thus, it is seen that, if the water drive 
fails to be of a commercial magnitude, 
there are good possibilities that a form 
of gas cap drive, or pressure mainten- 
ance through the medium of gas injec- 
tion, can be employed to advantage. 
This pool study presents a striking ex- 
ample of the alternatives that are pre- 
sented in the selection of a recovery 
mechanism, when an engineering study 
of the reservoir is made in its early life. 
In particular, the opportunities for the 
avoidance of the adoption of dissolved 
gas drive are stressed. 

A problem of particular importance 
in water drive reservoirs is the control 
of water production. This is not, alone, 
important from the point of view of 


Fig. 10. Pressure-production behavior, Magnolia pool 
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individual well performance, but also 
from the point of view of the perform- 
ance of the reservoir as a whole, for, 
insofar as behavior of the reservoir js 
concerned, the withdrawal of a barrel 
of water has just as great an influence 
on the pressure behavior and other 
features of the operation as the with- 
drawal of a barrel of oil. There are three 
methods by means of which the produc- 
tion of water can be controlled. These 
are: 


1. Mechanical methods, such as plugging 
back and the use of small bore pumps to 
facilitate uniform withdrawals. 

2. The injection of water produced back 
into the horizon from which it was taken. 


3. The control of producing rates. 

As the mechanical methods referred 
to are not properly a part of reservoir 
engineering, they will not be further 
discussed here. However, particular at- 
tention is directed to the importance 
and availability of these techniques for 
the control of water production. 


Attention has been focused recently 
on the return of produced water to the 
horizon from which it was taken. Ap- 
plication of this technique has already 
been made at East Texas, and, at the 
present time, application of this 
method is under consideration in the 
Magnolia pool, Arkansas. The return of 
unavoidably produced water to the 
formation can be, under suitable cir- 
cumstances, a means of reducing effec- 
tive reservoir withdrawals and thus 
maintaining reservoir pressure, through 
the medium of which, gas is retained in 
solution, high liquid saturations are 
maintained in the reservoir, and the 
flowing life of the wells is extended. 
The results that may be anticipated at 
Magnolia from this kind of control are 
shown in Fig. 10. The calculated pres- 
sure production behavior is shown for 
three sets of conditions. Curve 1 shows 
the behavior to be expected if all water 
production is returned to the reservoir, 
the gas-oil ratio is maintained constant, 
and the production rate reduced 4 per 
cent per year. Curve 2 shows the be- 
havior when all water is returned and 
the gas-oil ratio and producing rate are 
maintained constant. Curve 3 shows the 
expected behavior with no return of 
water to the formation, maintaining the 
same producing rate as in 2. It will be 
observed that the return of all produced 
water to the formation, coupled with 
moderate reductions in producing rate 
over a period of years, will sustain the 
flowing life of the wells in this pool 
indefinitely. 


An interesting experiment along this 
general line is already being conducted 
in the Midway pool, Arkansas, which 
also produces from the Smackover lime. 
A review of this operation has been 
presented to the A. P. I. by Horner and 
Snow®. In this instance, fresh water 
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is being injected into the Smackover 
through wells on the edge of the pro- 
ducing zone. This experimental project 
has shown some degree of success as a 
means of controlling the pressure be- 
havior of the field, This project, how- 
ever, is to be distinguished from that 
contemplated for the Magnolia pool. In 
the Magnolia pool, there already exists 
a substantial water drive, and the in- 
jection of water into the Smackover, in 
this case, is an auxiliary production con- 
trol, as well as a means of disposal of 
salt water, whereas the Midway pool did 
not have a water drive comparable in 
magnitude with Magnolia, and fresh 
water was injected primarily to aug- 
ment the water drive. The interesting 
feature of this experiment is the prac- 
tical demonstration of the fact that it 
is possible to influence the behavior of 
the reservoir by the injection of water. 

The third method by which water 
production can be controlled is by the 
control of the rate of production. Much 
water produced in water drive fields, 
particularly where the structure is 
rather flat and where the producing sec- 
tion is relatively thin, is due to water 
coning. The theoretical treatment of 
this problem, for the case of a homo- 
geneous sand, has been given by 
Muskat’. Most petroleum reservoirs, 
of course, are not homogeneous, but 
have tight streaks and shale breaks and 
other discontinuities distributed more 
or less at random throughout the pro- 
ducing section. The problem is, then, 
reduced to establishing the maximum 
differential at which the average wells 
in the field can be produced and not 
make water. This can be done by test 
data, or production data taken from 
selected wells scattered over the area 
of the field. These test data, combined 
with the theoretical rates calculated for 
the same wells on the assumption of a 
homogeneous sand, establish a factor for 
the relation of theory to performance 
for wells in the producing section. This 
factor can then be applied to the theory 
rate for the average well; i. e., a well 
having an average thickness of section 
above the water table and the average 
penetration, and thus determine the 
optimum producing rate at which pro- 
duction of water can be minimized. A 
similar technique can be used for the 
control of producing rates where the 
coning of gas is a problem. It is to be 
understood, of course, that, in fields of 
this kind, every effort is made in the 
completion of wells to take advantage 
of every natural barrier to the intrusion 
of water or gas. The intention of this 
brief review of the problem has been to 
demonstrate that there are methods 
available, or methods which can be 
adapted, for the solution of the problem 
of the control of producing rates in 
fields where gas and water production 
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are a problem. 

It is evident in this discussion on the 
control of reservoir performance that 
there is already available much techni- 
cal knowledge and experience, which 
may be brought to bear upon the prob- 
lem. Further, there are many technical 
developments which are, at present, 
under trial and many more lying dorm- 
ant awaiting trial. Considerable ad- 
vancement has already been made, and 
a considerable understanding of the 
problems involved has been attained. 

Well spacing. Well spacing alone 
has, in the light of the advances made 
in the understanding of reservoir per- 
formance, been relegated to a position 
of secondary importance, insofar as the 
ultimate recovery to be obtained from 
a reservoir is concerned. At the present 
time, attention is directed to the opera- 
tion of the reservoir as a whole, with 
the idea of making it yield the maxi- 
mum amount of oil possible, rather than 
merely attempting to complete each in- 
dividual well with the maximum poten- 
tial attainable. 

A thorough and complete analysis of 
field experience has shown that, at least 
over the range of well densities em- 
ployed in this country; i. e., up to 40 
acres per well, there is no significant 
increase in ultimate recovery to be ob- 
tained by increasing the well density. 
A theoretical investigation of this 
problem by Muskat* has shown that 
the physical ultimate recovery does not 
materially depend on the number of 
wells in the case of dissolved gas drive 
operation. With regard to economic 
ultimate recovery, it was shown that, 
where the rates of production at aban- 
donment are low, say 10 bbl. per well 
day or less, or where the sand is reason- 
ably permeable, there was no appreci- 
able difference between the physical 
ultimate and the economic ultimate re- 
covery. While it was not possible to 
assign practical significance to the 
numerical results obtained in this in- 
vestigation, the qualitative conclusions 
drawn are believed to be significant. 

A worthwhile observation with re- 
spect to reservoir drainage can be made 
from a study of the behavior of the Dill 
pool, Oklahoma, which produced by 
dissolved gas drive from the Hunton 
lime. This field was developed on 40- 
acre spacing. One well, however, the 
Dill No. 1, was originally completed in 
the Cromwell sand. After depletion of 
this sand lens, this well was deepened to 
the Hunton lime. The original bottom 
hole pressure in the Hunton Lime was 
1725 lb. per sq. in., and the initial pro- 
duction of the Hunton wells averaged, 
after acid treatment, 1500 bbl. per day. 
When the Dill No. 1 was completed in 
the Hunton lime, it had an initial pro- 
duction of 101 bbl. of oil per day, and 
the bottom hole pressure was found to 
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be 113 lb. per sq. in. This indicated 
stage of depletion was approximately the 
same as that in the offset wells, which 
had produced throughout their entire 
life from the Hunton lime. That the oil, 
as well as the gas, had been drained from 
this area was demonstrated by the fact 
that the gas-oil ratio of this well was 
comparable to the gas-oil ratio for the 
remainder of the field, indicating com. 
parable oil and gas saturations through- 
out the reservoir. The ultimate recoy- 
ery to be expected from this well js 
40,000 bbl. of oil, compared with ap. 
proximately 160,000 bbl. of oil for the 
offset wells. From these and other simi- 
lar observations of pools producing 
under dissolved gas drive, it is evident 
that the only consideration in which 
well spacing is of primary importance 
is in the proper exploration and defi- 
nition of the reservoir. Insofar as the 
proper depletion of the pool is con- 
cerned, it is only necessary that sufh- 
cient wells be drilled to adequately de- 
velop the reservoir and obtain produc- 
tion at economic rates. 

The primary problem in successfully 
draining a reservoir operating under 
water drive or gas cap drive will be the 
proper location of wells, rather than 
well spacing, as such. In general, it is 
obvious that, in a gas cap drive, it would 
be desirable to locate most of the pro- 
ducing wells downstructure, in which 
direction the expanding gas cap would 
tend to displace the oil, and conversely, 
in water drive fields, development 
would be concentrated upstructure to 
avoid unnecessary production of water 
and the drilling of unnecessary wells, 
which contribute little or nothing to 
the ultimate recovery of the field. As 
a purely practical matter, however, 
wells are usually drilled throughout the 
field on a somewhat regular pattern and 
are not confined to that portion of the 
reservoir where they would be most 
effective. 

The number of wells required in a 
water drive or gas cap drive field is 
that which will permit the proper con- 
trol of the movement of gas and water 
to accomplish uniform displacement. 
Further, sufficient wells should be drill- 
ed so that when the field is produced 
at an efficient rate, the production rate 
of individual wells should not be ex- 
cessive; i.e., individual wells should not 
be produced at such rates that there is 
an excessive production of free gas or 
water, or that the rate of depletion of 
the sand in the immediate vicinity of 
the wells is materially greater than in 
the remainder of the reservoir. A well, 
or group of wells, operating at excessive 
rates in a reservoir of this kind can 
create a localized dissolved gas drive 
condition, which could affect the ulti- 
mate recovery from the reservoir as 4 
whole and is a condition to be avoided. 
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The particular spacing to be used, then, 
in fields of these kinds, can only be prop- 
erly determined at such a time as an 
efficient rate for the reservoir as a whole 
can be established. The implication of 
this statement is that it is prudent to 
develop a field on a moderately wide 
spacing, until such time as the reservoir 
is defined and the proper producing 
rate determined. If, then, further de- 
velopment is indicated, in order that 
proper control of the reservoir can be 
maintained, such additional wells as may 
be necessary can be drilled. By a pro- 
cedure or plan of development of this 
kind, it will be possible to obtain the 
maximum recovery from petroleum res- 
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STAYS ON THE JOB 


ervoirs and to maintain efficient and 
economical operation. 

Discussion. In the foregoing sec- 
tions, the fundamental features of pe- 
troleum reservoir performance have 
been outlined and illustrated. Attention 
has been directed to the importance of 
making a thorough engineering analysis 
of the reservoir in the early stages of 
its development, and reference has been 
made to a few of the important theo- 
retical and experimental studies which, 
together with the experience of the 
past, form the basis of the present 
knowledge of reservoir engineering. 

While the details of the analysis of 
any specific reservoir are often some- 
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what difficult, particularly when it jg 
considered that, due to the vagaries of’ 
nature, each reservoir presents new 
problems, the basic principles are essen- 
tially simple and of considerable gen- 
erality. Variations in the nature of the 
reservoir appear to modify only the de- 
tails of its history, rather than the fun- 
damental character. The fundamental 
features of the performance are, in 3 
large measure, in the hands of the op. 
erator and the engineer. As has been 
shown, it is possible to determine in 
advance or at an early stage of produc- 
tion in many, if not in most, fields, just 
what type of recovery mechanism is to 
be utilized. Accordingly, the broad, 
general outlines of the history of the 
operation can be laid out. Thereafter, 
what is required is the accumulation of 
accurate measurements of the proper- 
ties of the system and accurate records 
of the production and performance, in 
order to maintain a detailed and uni- 
form control of the operation. It is to 
be stressed that efficient operation of the 
reservoir means proper control of the 
entire reservoir and not merely parts of 
it. As has been stated by S. E. Buckley’, 
good practice on one lease and bad prac- 
tice on another does not necessarily av- 
erage out to give a reasonably good av- 
erage performance. 

While there are unquestionably large 
gaps in our knowledge of the details of 
reservoir performance, a small capital 
of knowledge has been accumulated 
over the past decade, which, if intelli- 
gently and diligently applied, will serve 
to improve our understanding of these 
problems in the future and will be of 
economic advantage to all concerned in 
the development of the petroleum in- 
dustry. Intensive research is being con- 
tinuously carried on to improve further 
the methods of control and yield of oil 
reservoirs. 
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6182-6183. Fairbanks-Morse Power Pumps — These 
heavy-duty Fairbanks-Morse Pumps are constructed 
for belt or direct drive and are engineered for pres- 
sures up to 1140 pounds per square inch. They are 
built to conform to specific oil field requirements 
and—with special fittings—can be adapted easily 
for slush pumping, mud pumping, pumping petro- 
leum products, handling liquids of moderately high 
temperatures, Or a great variety of other special 
applications. 


6181. Fairbanks-Morse Power Pump — For relatively 
high pressures up to 775 pounds per square inch. 
Following other Fairbanks-Morse Power Pumps, 
this one can be adapted to a wide variety of oil field 
uses. It is rugged, dependable, easy to maintain. 


6161A. Fairbanks-Morse Power Pump — For pump- 
ing oil, water, or similar liquids at pressures up to 
250 pounds per square inch and quantities up to 
215 gallons per minute. It is self-oiling, self-prim- 
ing and completely protected from dirt and other 
destructive agents. Maintenance is simple. 
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Fairbanks-Morse 


HEAVY DUTY 


These pumps are built for the oil fields . . . for the 
hard, steady grind of oil field work. They'll keep 
the oil flowing more efficiently, more economically. 


Outstanding in their simplicity of design, Fair- 
banks-Morse Oil Field Power Pumps are adaptable 
to a wide range of pumping requirements. They are 
easy to maintain, require little attention. Their rug- 
gedness assures day-in, day-out operation at peak 
capacities. 

For further information about Fairbanks-Morse 
Power Pumps—and the complete line of other 
equipment designed for specific oil field duty —write 
for the new Fairbanks-Morse catalog of Oil Field 
Equipment. Fairbanks, Morse & Co., Fairbanks- 
Morse Building, Chicago 5, Illinois. 
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High-Pressure Production Equipment Corrosion* 


NTRODUCTION. The petroleum 
! industry has recently realized the ex- 
istence of a new problem occasioned by 
high pressure gas-distillate operations. 
This problem was first publicly describ- 
ed slightly more than a year ago. At 
that time it appeared that the problem 
was not widespread, but it has attained 
very important proportions during the 
past few months. 

A paper presented before the Nat- 
ural Gasoline Association of America 
Convention in Dallas in April, 1943, 
described internal corrosion of Christ- 
mas tree fittings that had been observed 
in the Opelika field, Henderson County, 
Texas.' This corrosion occurred on the 
internal surfaces of pipe, valves, and fit- 
tings in the Christmas tree assembly and 
was so severe as to have weakened some 
of the equipment almost to the point of 
failure. This particular type of corro- 
sion appears to be unique in that it may 
be highly localized, causing serious 
weakening of one end of a length of 
pipe, while not affecting the other end 
appreciably.” It also occurs in the ab- 
sence of any known corrosive agents 
with the possible exception of carbon 
dioxide. This particular form of corro- 
sion is extremely unpredictable on the 
basis of present information and, in at 
least some instances, some wells in a 
given field will be entirely free from 
any sign of corrosion, while other wells 
will be corroded with extreme rapidity. 
To emphasize this unpredictability, the 
Tullos No. 2 well in Opelika field has 
been produced for several years with a 
total gas production of 5,225,000,000 
cu. ft. to May 1, 1944. This well has 
shown absolutely no signs of internal 
corrosion of this type. On the other 
hand, the Tullos No. 1 well in the same 
field showed extremely serious corrosion 
of the Christmas tree in September, 
1942, after producing 6,000,000,000 
cu. ft. The Tullos No. 1 well has con- 
tinued to show serious corrosion and 
some items of equipment have been re- 
placed on this well after only three 
months of service. It should be empha- 
sized that these two adjacent wells have 
been producing under conditions as 
nearly identical as may be expected in 
actual operation, yet one well has cor- 


*Presented before American Petroleum Institute, 


Southwestern District Division of Production, Houston, 
Texas, June 13-14, 1944. 


. 
1«Corrosion in Distillate Wells,” by T. S. Bacon 


and E. A, Brown. Oil & Gas Journal—41 No. 49, p. 91, 
April 15, 1943. 


‘High Pressure Corrosion Controlled by Chem- 
icals,”” by H. F. Simons, Oil & Gas Journal—42 No. 17, 
29, September 2, 1943. 
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Lone Star Producing Company 


roded badly and the other well is en- 
tirely unaffected. The average carbon 
dioxide content of the gas produced 
from the corroded well is 1.6 per cent, 
while the uncorroded well shows 1.5 
per cent carbon dioxide. 

The appearances of the corroded sur- 
faces vary widely. Fig. 1 shows some 
typical surfaces with severe attack at 
points of high turbulence in the gas 
stream. It will be noted that the down- 
stream section of one of the nipples is 
practically unaffected by corrosion. Fig. 
2 indicates another form of corrosion 
in which the internal surfaces of the 
fittings are fairly smooth and the in- 
ternal surfaces of the nipples are at- 
tacked only slightly, whereas serious 
weakening has been caused by removal 
of the threads on the nipples and by re- 
moval of the adjacent threads in the 
fittings. The appearance of some at- 
tacked surfaces might lead to the as- 
sumption that erosion plays an impor- 
tant part in the removal of metal. The 
experience of the Lone Star Producing 
Company has indicated that the re- 
moved metal is largely in chemical so- 
lution in the produced water in most 
cases. This experience and the fact that 
large pits covered with mechanically 
weak mill scale have been found ad- 
jacent to the roughened surfaces indi- 
cates that corrosion is probably the pre- 
dominant cause of metal removal. 


By THOMAS S. BACON, Research Engineer 


This form of corrosion is particularly 
dangerous because failure of the high 
pressure equipment involved might re. 
sult in very serious property damage, 
Several flow lines have failed in sery- 
ice.” However, in each case of flow 
line failure that has been reported to 
date, it has been possible to close the 
well in before the Christmas tree was 
seriously damaged. Failure of a master 
valve under these conditions might con- 
ceivably make it impossible to control 
the well except by the slow and expen- 
sive process of drilling a directional 
well. The expense involved in drilling 
the directional well and the economic 
waste occasioned by the escape of res- 
ervoir fluids to the air and the possible 
retrograde condensation losses in the 
reservoir could easily be sufficient to 
absorb a considerable portion of the 
anticipated return from a_ recycling 
project. 

The economic cost of this type of 
corrosion is also amplified when tubing 
fails in the well. Five strings of tubing 
have been reported as parting in the 
Cotton Valley, Louisiana, field in six 
months due to this corrosion.* The 
Union Producing Company has lost 
three strings of tubing in other Louisi- 


<The Need for 
Corrosion,”? by T. W 
of Cvorros on 


Method of Detecting Internal 
McGuire, National Associatior 
Engineers, April, 1944 
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ana fields and reported an expenditure 
of $71,500 in retubing one of these 
wells.* In addition, such wells in 
which tubing strings have failed are ex- 
tremely difficult to kill, even though 
the surface fittings are intact, and any 
killing process may result in damage to 
the producing formation. The Lone 
Star Producing Company has had at 
least one case of tubing failure that has 
been ascribed to this form of corrosion. 


In order to be on the safe side, it 





ture of the magnitude of the problem, 
due to the number of fields involved, 
and due to the short periods of opera- 
tion of many important distillate fields. 
The first step toward concerted action 
on the solution of this problem was 
taken at the meeting of the A.P.I. held 
in Chicago in November, 1943. The 
Southwestern District Topical Commit- 
tee on Materials was assigned the study 


of this problem, and the preparation g 
a paper discussing the problem to |, 
presented at the 1944 spring meeting ¢ 
the Southwestern District. 

Thirty-five representatives of inte. 
ested companies met informally in Dj. 
las in December, 1943, to discuss th 
magnitude of the problem and possibj, 
methods of procedure in attacking jt 
Evidences of this type of corrosion wer 
reported as having been definitely ob 
served in only 7 fields at this meeting 
Close observations of 7 other fid& 
some of which had been producing fy 
many years, showed this type of cx 
rosion to be absent. The problem ap. 
peared to be of such importance p 
those attending this meeting that a» 
independent committee was organiza 
to investigate the problem, and to sery, 
as a clearing-house for information r. 
garding the problem, and ideas con. 
cerning its solution. There was no in. 
formation available at this meeting r. 
garding the action of the A.P.I. in this 
connection. This independent commit. 
tee has recently disbanded, in view of 
the other committees on the same sub. 
ject. 





G. H. Calhoun, chairman of th 
Southwestern District Topical Com. 
mittee on Materials of the A.P.I., ap 
pointed a special sub-committee on cor. 
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should be assumed that Christmas tree 
fittings have been appreciably affected TABLE | 
by corrosion on any well in which the Some high pressure fields in which corrosion occurs 
tubing has failed due to corrosion, and ami i: cena l : 4 . ie 
. . . | | ear | 
the killing job should, therefore, be No. Field | County State Operator | field dis- | Evidences of corrosion 
handled with extreme caution. In fact, | | covered | 
some experience indicates corrosion of 1 | Bateman Lake....| St. Mary..... | Louisiana...| Texas........ 1937 | Replacement of Christmas tree 
he Chri ith } | | | valves and nipples. 
the ristmas tree may occur without : Brushy Creek... | Levace Boa ume eee peso tale | 1941 [Surface fittings coded. 
i j : Ee lickereecni | Texas..... ne Star 1934 Corrosion of bottom hole c 
appreciable corrosion of the tubing. The | | a. poe 5 ropa ont 
Christmas tree on the Allyn No. 1 well S TRA o cccsces | Anderson... .. Texas..... | Seaboard... . | 1934 oo of valves and 
Opelik f d ho bh | | Christmas trees. 
at Opelika was found to be adly cor- 5 | Coa -_. serine | Smith........ Texas..... Shell-Sun..... 1938 -~ beans — out. Surface 
: a | (Paluxy only) | | fittings attacked. — 
roded about a year ago, and it was de 6 | Cotton Valley..... | Webster...... Louisiana. ..| Cotton Valley.| 1922 \Failure of two flow lines and five 
cided to inspect the tubing in this well | | | . [eae | |_strings of tubing. 
: ° © Pe oacvccsua | Terrebonne...| Louisiana...| Union | 1938 |Tubing failure. 
to determine the degree of corrosion | | | Producing | 
: . . 8 | Grapeland........ | Houston...... | Texas..... Lone Star 1936 |Replacement of Christmas tree 
in the tubing. The corroded Christmas | | Producing | | valves, fittings, and nipples. 
tree was replaced, and the well was | Sanne sitnnweseneme | Louisiana...) Humble...... | ..., |Wellhead fittings corroded. 
kill ° ‘ 10 | ers Waller....... | Texas..... Stanolind.....| 1935 |No evidences of corrosion @ 
illed and tubing pulled. Inspection of 1942. Surface fittings found t 
. . ° } attac in 1944. Many 
the tubing showed it to be in excellent | valves will require replacemesk 
condition, with only very slight cor- 11 | Lake Mongoulois..| St. Martin....| Louisiana...) Texas........ | 1939 oa of ere 
: valves and nipples. 
rosive attack on the bottoms of the tub- 12 | LaPice........... | St. James..... Louisiana...| Shell......... 1939 [Replacements of ‘valves on 
: +2 ~ } } | Christmas tree. 
re — oe was re-run, and 13 | OO a cass | Claiborne.....| Louisiana... Union | 1936 |Tubing failures. 
the w i Producing 
sees cong ane : into production. 14 | Long Lake........| Anderson..... : Seaboard..... 1933 |Replacements of valves and 
The total cost of this inspection was age ms Christmas trees. 
. 15 | North Houston....| Harris....... Temes... Distillate Pro-| 1938 |Chemical analysis.* 
$5735. On the other hand, in at least sediaa duction Corp. ' 
: : 16 | North McFaddin..| Victoria...... Texas...... RE 1937 |Chemical analysis.* 
oa well the tubing failed before the 17 | a anata —— Vaniteaa _— Teniee a. . pees oe —, Casktaes 
~hris > : 18 | Opelika.......... enderson....| Texas...... one Star 19. |Replacements o' ristmas 
Christmas tree showed corrosive attack. sacs oem i Producing sone (gxalves amd miles. 
‘ ’ 19 Pi teecvades ort Bend....| Texas...... ae placement of three flow 
. History. In view of the above con- as dese enn en 
siderations, operating personnel have 20 | Red Fish Reef....| Chambers....| Texas...... Humble...... 1940 |Bottom hole chokes corroded. 
F ‘ > ‘ 21 eee Jackson...... ee OEE 1939 ;Chemical analysis.* 
shown an active interest in this problem = sa iis ahsae ame. ma pe — eRe aoe Se ne aitinwp eam - 
we : . illow Springs....| Gregg........ _ ere ne Star 1938 eplacements of Christmas 
and in its possible solution. However, — — Producing valves and re -¥ -e 
i ’ : . able cause of failure 0 
it has been difficult to obtain a true pic- thing diies) 
Th I nce of I ic i ing,” Note: When produced water contains 100 p.p.m. of iron or more, fields are included in Table 1 on basis of “Chemical 
by T. W. John ; — N Sm pa mee ony . z a a enigee.” When produced water contains less than 100 p.p.m. of iron, fields are included in Table 2. 
Engineers, April, 1944. — 
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; of inte. In American Industry today, far greater events are taking 
lly in Dal. . place “than meet the eye.” For reasons of national security, 
liscuss th, TO ey Oo rR ROW ~ many of these new developments in both products and 


a in Y i ee ge STi Cc oe processes are still in the “keep-it-under-your-hat” stage. 


Even s0, it is clear to all that accepted pre-war standards 


ielean Wy 8 LE i. 4 ia for quality and efficiency will be raised in the post-war 
period . . . clear to all that tomorrow’s yardsticks will be 


$ meeti 
her “felt EL@ Re G ER longer. 


























lucing fo In the field of diesel power, for instance, refinements in 
Fe Car. design, metallurgy, and manufacturing methods will be 
ble: “—" , hs 
cual reflected in diesels that will turn at still higher speeds . . . 
to . ° 
s that a diesels that will produce more horsepower per pound of 
organizy engine wage ox dicecls that in every respect will perform 
d to sery, tomorrow’s toughest oil field jobs with increased depend- 
Nation re. ability and economy. 
deas con. For you who will design, build, or buy tomorrow’s 
es Oe equipment for petroleum production, keep in mind that 
. mf the trend is to diesels . . . and keep in mind also that the 
phe: ths manufacturers of Cummins Dependable Diesels have for 
mmit- : ' 
 vieull 26 years led the way in boosting horsepower output and 
ame ak reducing engine weight through high speed diesels. That’s 
why it will pay you to plan on Cummins Diesel Power for 
1 of th your drilling, pumping, and generating needs. CUMMINS 
-al Com. ENGINE Company, INc., Columbus, Indiana. 
PL, ap 
2€ ON Cor- 
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rosion of high pressure production 
equipment in March, 1944, “to deter- 
mine causes of, and select remedies for, 
corrosion of high pressure production 
equipment, such as tubing, wellhead 
connections, flow lines, etc., particular- 
ly in high pressure condensate wells.” 
The initial efforts of this sub-commit- 
tee have been directed toward obtain- 
ing further information regarding the 
extent of the problem. 

Tables 1, 2, and 3 are largely based 
on the results of a survey of operations 
of companies having representation on 
the above A.P.I. sub-committee. Table 
1 lists fields in which corrosion has been 
evidenced either by failure of equip- 
ment, by corrosion severe enough to 
cause replacement of equipment, or by 
analyses of produced water samples for 
iron content. 

It should be emphasized that this list 
of fields in which signs of corrosion 
have been observed does not include all 
fields in which signs of corrosion might 
be observable with careful examination. 
It has been the practice in the past to 
assume that sweet gas wells should be 
free of internal corrosion, and most op- 
erators have proceeded on that theory 
until the past few months. Therefore, 
many fields have not been examined 
carefully for signs of this corrosion, and 


the only possible way in which this cor- 
rosion could be evidenced in these fields 
would be by failure of equipment. Even 
with severe corrosive attack, failure of 
equipment will result only after pro- 
longed periods of exposure, so there is 
reason to believe that additional fields 
will show corrosion in the future. Fur- 
ther, the data in Table 1 has been ob- 
tained from a few companies only, and 
no attempt has been made to survey all 
operators in compiling these data. 

In spite of the lack of complete data 
regarding the occurrence of this cor- 
rosion, the frequency of its occurrence 
as indicated in Table 1 is sufficient to 
indicate that it definitely presents a real 
operating problem to the industry. 

Table 2 lists fields that have been ex- 
amined for this type of corrosion, and 
have been found to be free of corrosion. 
It is interesting to note that the Ro- 
dessa and Pettit formations in the 
Chapel Hill, Texas, field are non-cor- 
rosive while the Paluxy formation is 
definitely corrosive. Here again, this list 
of non-corroded fields is incomplete. It 
is also interesting to note that this type 
of corrosion has not been observed in 
the South Gulf Coast area. 


Table 3 is of interest in indicating the 
frequency of corrosion as shown by the 
reporting companies. Here again, the 


Fig. 3 


data are incomplete, but the possibilj 
of finding corrosive conditions in ap 
field is emphasized. The corrosive cog 
ditions have been shown to occur with 
such frequency that the possibilities of 
finding appreciable corrosion in ag 
high pressure field cannot be overlooks 
ed with safety. 

Corrosion tests. The above discys.) 
sion indicates the need for some surg 
method of detecting the presence of 
this corrosion so that remedial 
may be taken before corrosion has prg 
ceeded far enough to be dangerous, Acs 
curate tubing calipers that could } 
run under pressure would be of extreme 
value in this connection, although, us 
fortunately, no such instrument is com 
mercially available to the knowledge 
of the writer. ° Visual inspection of s 
face fittings seems to be the most p 
tical way at present to determine 
degree of corrosion in these fittings) 
Chemical tests for dissolved iron i 
water produced by each well are 
least indicative of the likelihood of th 
presence or absence of serious corrosion! 
In the writer’s experience, corrosion 


%<Proposed Method of Detecting Internal Corrosion, 
by T. B. McDonald, National Association of Corrosion) 
Engineers, April, 1944. 


6«Estimates of Corrosion Rates by Chemical 
alysis,” by E. A. Brown, National Associaion of 
rosion Engineers, April, 1944. 
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RD LABOR! 


' @ We know that 10 years sounds like a long 
time for any piece of equipment to stay in 


continuous service without having something 

/ go wrong with it. But here’s just one of many 
#4 Parkersburg pumping units that has been de- 
livering unfailing, trouble-free performance for 

that period. All down-time is traceable to rod 


or tubing jobs, power stoppage, etc. . . . none 

to fault of this pumper, into which has been 
; put the finest available quality of engineering, 
construction, materials and workmanship. Fact 
is, the number of Parkersburg pumping units 
rating 10-year trouble-free service records runs 
into many hundreds. Ask your Parkersburg 
representative about such records. 


paRAERSB| ie THE PARKERSBURG RIG & REEL CO. 
. = EXECUTIVE OFFICES, PARKERSBURG, W. VA OGY 
Rig, 100 OCS DIVISION, COFFEYVILLE, KANSAS XA 
eae Delle: Houston Tuhe * Les Angetes hew York 
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will be almost negligible in wells show- 
ing less than 50 p.p.m. of iron in the 
produced water. Wells showing iron 
concentrations of from 75to 100 p.p.m. 
in the produced water should be watch- 
ed for other signs of corrosion and wells 
showing iron contents in excess of 300 
p.p.m. should be carefully inspected 
every three months. 

Properly supervised chemical tests for 
iron in produced water samples are be- 
lieved to be available in safeguarding 
operations of these high pressure prop- 
erties. Water samples should be obtain- 
ed with care and at frequent intervals 
and, in the writer’s opinion, should be 
acidified with nitric acid as soon as 
taken to insure that all iron remains in 
solution. If it is desired to record the 
pH value of the produced water, this 
may be done before addition of the 
nitric acid by the use of a field kit for 
the determination of pH. Iron may be 
lost from solution in these samples on 
standing even when reasonable precau- 
tions have been taken to prevent access 
of air to the samples, particularly if the 
samples are of high iron content. It is 
the present practice of the Lone Star 
Producing Company to install neces- 
sary sample taps wherever it is felt that 
additional chemical analyses are desir- 
able. By determining dilution caused 
by condensation of additional water 
vapor from the gas on the basis of the 
chloride content of the water samples 
from any one well, it is possible to cor- 
relate iron contents of the various sam- 
ples and, therefore, determine the 
amount of iron dissolved from the sys- 
tem between each pair of sampling 
points, if the volume of water produced 
at any sampling point is known. 

The question of concentration of iron 
in the liquid connate water entering 
the produced stream from the forma- 
tion is of importance in this connection. 
The iron/chloride ratios of ordinary 
connate waters may be of value in es- 
timating the effect of dissolved iron in 
the produced connate water on the iron 
content of any water sample obtained 
at the surface. The Lone Star Produc- 
ing Company’s experience indicates that 
iron dissolved in the connate water 
amounts to less than 5 p.p.m in the av- 
erage surface sample. 

Chemical tests, coupled witha knowl- 
edge of the amount of liquid water in 
the produced stream at the point of 
sampling, are of value in estimating the 
total weight of iron removed from the 
pipe line system by corrosion. However, 
these tests do not indicate whether this 
weight of iron has been removed uni- 
formly from the total exposed metal 
surfaces to give very slight penetration 
of the pipe walls, or whether the corro- 
sive attack has been highly localized, 
resulting in serious weakening of a part 
of the metal structure. Therefore, any 


114 





chemical tests showing appreciable iron 
concentrations should be supplemented 
by other methods for determining the 
location of the corroded surfaces, and 
for determining the depth of penetra- 
tion of the metal walls. 


It may be assumed that gas in the 
reservoir is saturated with water vapor 
under the existing conditions of tem- 
perature and pressure. Some of this 
water vapor will be condensed to liquid 
water as the gas is cooled during produc- 
tion. The actual volume of water con- 
densed will depend on reservoir condi- 
tions and on flow line conditions, but 
will be of the order of magnitude of 1 
bbl. per million cubic feet of gas. If 
it is assumed that water samples at the 
wellhead show a dissolved iron content 
of 100 p.p.m., the production of each 
billion cubic feet of gas would result 
in the production of 35 Ibs. of iron in 
solution in the water associated with 
this gas. If this iron is removed uni- 
formly from the interior surface of 
10,000 ft. of tubing, penetration of the 
tubing will be negligible. However, if 
all of this corrosion is concentrated in 
the top joint of tubing, this joint will 
be seriously weakened. 

Water samples may readily be obtain- 
ed from the inlet separator at any re- 
cycling plant, and the amount of iron 
in these samples can .be determined at 
small cost. The total weight of iron per 
day removed from the system by the 
water leaving the inlet separator can 
then be calculated if the volume of 
water drained from the separator is 
known. If this weight if iron is negligi- 
ble, absence of corrosive attack of the 


cated. 


production system is indicated. But, if 
this weight of iron is appreciable, the 
likelihood of corrosive attack of some 
part of the production system is indj. 






Occasionally, samples of the pro. 
duced water will contain insoluble iron 
compounds. Such cases that have been 
reported are very few, and are difficult 
of explanation. The presence of insoly. 


ble iron compounds in the produced 
water under flowing conditions will, of 
course, interfere with any conclusions 
based on analyses of the water sample, 


as the iron precipitates will vary in con. 
céntration in the water sample, depend. 
ing on the sampling system. If iron 
sludge or deposits of insoluble iron com. 
pounds are found at any place in the 
system, it is believed likely that corto. 


sion will be found at some place up. 
stream from the sampling point. 


Present remedial practices. The 
industry has not yet standardized 
any remedy for this type of corro: 
Many operators are presently rel 
on visual inspections of all equip 
that is suspected of attack by this ¢ 
rosion to reveal any dangerous o 
tion. Any equipment that is found 
be seriously weakened in the course 
these inspections is replaced by new 


equipment of the same type. Other op- 
erators are specifying that all master 
valves in high pressure service be lined 
with corrosion-resisting alloys. Other 
operators are injecting chemicals into 
the flow system at some point in an ef- 
fort to eliminate corrosion downstream 


from the point of injection. 


The Lone Star Producing Company 












































TABLE 2 
Some high pressure fields in which corrosion has not been observed 
| Year Oil Operating 
No. Field | County State Operator field dis- or pressure, 
covered gas Ib. per sq. in. 

1 Agua Dulce......... Nueces....... Texas.... Chicago Corp..... 1928 Gas 1500-2500 
2 Belle Isle........... St. Mary..... Louisiana EERE 1941 Gas 3100 
3 | Galveston....| Texas.... isshtaksemawacewe 1940 Gas 2700 
4 Chacahoule.......°.| Lafourche. ...| Louisiana...) Sun.............. 1938 Gas 3100 
5 Chapel Hill......... es Texas.... Mi ivexcdcwasnes 1938 Gas ied 

(Rodessa & Pettit) . 
6 | Chocolate Bayou....| Brazoria...... Texas.... Stanolind......... 1939 Gas 4200 
7 Pee BED. «coc cccce COD. ct Medcndcd MEesaesesnerecas 1940 Gas 3000 
8 Flour Bluff......... Nueces....... Texas.... PIDs o0:5e002% 1936 Gas eat 
9 Government Wells...| Duval........ Texas.... | eee 1928 Gas os 
10 SERS Serer Texas.... errr ‘ea Gas mes 
ll EY accwiencenwail Jefferson..... Texas.... See 1937 Gas 3170 
12 ee Refugio. ..... Texas......| Stanolind......... 1938 Gas 2300 
13 Lewisburg.......... Acadia....... Louisiana...| Stanolind......... 1941 Gas 3000 
14 Lovells Lake........ Jefferson. .... Texas,... OS ee 1938 Gas ae 
Te Fi cinsscescavce Beauregard...} Louisiana...) Sun.............. 1940 Oil 2700 
16 Old Ocean.......... Brazoria...... Texas.... TN iia irsarie-g eco 1934 Oil 3450 
ey oy Sand) 
17 North Bay City..... Mateserda... .| Temes......1 BeRiccccccccccese 1942 Gas 1850 
18 North Crowley...... Acadia....... Louisiana...| Humble.......... 1937 Gas sia 
19 North Elton........ Se Louisiana...| Stanolind....... ... 1939 Gas 2800 
20 North Markham....| Matagorda...| Texas.... Rea | 1938 Gas 1100 
| (Bottom hole 

regulators) 
21 North Winnie....... Chambers....| Texas.... ER eR ee | 1943 Oil 2200 
23 | Plodeer..........0. Brazoria...... Texas......| Humble.......... | 1932 Gas oan 
23 eS ere Nueces....... Texas.... Stanolind......... | 1939 Gas 3250 
24 Seabreeze. ..... Chambers Texas.... Re 1936 Gas 2200 
25 Se | Nueces....... Texas.... Stanolind......... 1940 Gas 1650 
26 | Shuteston.......... | St. — ..| Louisiana...| Sun.............. 1943 Oil 2200 
27 | South Elton........ | Jefferson Davis} Loui ee 2 eae 1937 Gas 2850 
28 South Jennings...... Jefferson Davis| I ae 1936 Gas 3150 

2. re Nueces....... Texas... Ching Corp..... 1931 Gas 1500-2500 
Lk eS Jefferson Davis} Louisiana...| Stanolind......... 1902 Gas 3400 
31 Willow Slough..... 7 Chambers....| Texas.... _ ee 1937 Gas 2775 
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has practiced the injection of chemicals 
into wells in the Opelika field for more 
than a year. The initial treatment tried 
in the Opelika field involved the injec- 
tion of soda ash solution into the well 
casing at a rate of 1.0 Ib. of soda ash 
per million cubic feet of gas produced 
from the well. As these wells are pro- 
duced through tubing only, the soda 
ash solution injected into the casing 
trickled down the casing to the produc- 
ing formation and left the well through 
the produced gas stream in the tubing. 
This method of chemical treatment re- 
duced the rate of corrosion very ma- 
terially as indicated by chemical tests 
and also by visual examination of sur- 
face fittings. However, a calcium car- 
bonate scale was deposited in the tub- 
ing perforation or in the tubing itself 
that eventually built up to sufficient 
thickness to act as an effective bottom 
hole choke. This scale was easily re- 
moved by treatment with 4 bbl. of acid 
per well but reformed at such a rate 
that acidization was required again in 
approximately thirty days. In an at- 
tempt to reduce the rate of deposition 
of this calcium scale, the concentration 
of soda ash was reduced to about 0.10 
ib. per million cubic feet of gas pro- 
duced. An equal amount of sodium 
hexametaphosphate was added to the 
solution in an attempt to avoid calcium 
deposition and also possibly to serve as 
an inhibitor. An organic chromium 
compound was also added to the treat- 
ing solution in the amount of approxi- 
mately 0.05 Ib. per million cubic feet 
of gas produced to act as an additional 
corrosion inhibitor. This solution did 
not appear to cause deposition of suf- 
ficient calcium carbonate scale to re- 
quire frequent acidization. However, 
this solution was far less effective in 
reducing the rate of corrosion than was 
the more concentrated soda ash solution 
used originally. The organic chromium 
compound has recently been replaced 
in this solution by sodium dichromate 
with 0.20 Ib. of sodium dichromate 
used per million cubic feet of gas pro- 
duced. The sodium dichromate appears 
to be much more effective in this serv- 


ice than the organic chromium com- 
pound first used. 

The Lone Star Producing Company 
has used various other chemicals and 
inhibitors for short lengths of time on 
various wells. Aqueous ammonia was 
injected into one well and reduced cor- 
rosion satisfactorily but caused calcium 
carbonate deposition. An organic cor- 
rosion inhibitor was injected into an- 
other well for a period of several months 
with some apparent reduction in the 
rate of corrosion of the surface fittings. 
However, traces of sludge in this in- 
hibitor interfered seriously with opera- 
tion of the pump used for injection, so 
further work on this inhibitor was aban- 
doned. Sodium silicate was injected into 
one wellhead at a rate of 0.8 Ib. of 
silicate per million cubic feet of gas. A 
heavy deposit of silica was found in the 
wellhead at the point of injection after 
three weeks of operation, so use of this 
chemical was abandoned even though 
chemical tests indicated excellent cor- 
rosion control. 

There are a wide variety of inhibitors 
that might be useful in this service. Ad- 
ditional field tests are planned on some 
of these inhibitors. 

Protective coatings have not been 
tried extensively in field service. The 
Lone Star Producing Company recently 
had a section of a Christmas tree coated 
internally with a synthetic plastic lin- 
ing that was baked on. This coating was 
inspected after 6 weeks’ service and ap- 
peared to be in perfect condition. 

Protective films are subject to failure 
for one reason or another and it is pos- 
sible that corrosive attack may be con- 
centrated at the points of failure. Sat- 
isfactory alloys are not subject to this 
objection. Therefore, a study of the 
use of low-cost alloys is indicated. This 
study would necessarily be slow as pos- 
sible alloys should be exposed to actual 
Operating conditions for a sufficient 
length of time to determine whether or 
not they are slowly corroded in service. 
Such alloys are ‘extremely difficult to 
obtain under existing conditions and 
service tests of at least 12 months would 
be required to indicate the relative val- 
ues of any alloys that might prove sat- 





| Total fields reported operated 
at pressures above 
1500-Ib. per sq. in 


Company 


4 


rm) 
3 
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14 


Total. . 
\ 





“Based on chemical analysis only. 





TABLE 3 


Corrosion experiences of reporting companies 


Number of fields 
not corroded 


tTwo fields classed as corrosive on basis of chemical analysis only. 


Number of fields 
showing corrosion 


Per cent of fie!ds 
inspected showing 
corrosion 


100 
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isfactory. In this connection, a 2-jp 
flanged tee that was recently remove 
from a well in the Grapeland, Texa, 
field was found to be nearly free of 
corrosion, whereas the two valves bolt. 
ed directly to the tee were badly coy. 
roded. Investigation disclosed that th 
metal in this particular tee contained 
approximately 0.5 per cent chromium 
and 1.5 per cent nickel. If an inexpen. 
sive alloy generally resistant to this typ. 
of corrosion could be found, its wid 
use would be indicated. 

Any conclusions based on obserys. 
tions of the behavior of alloys are neces. 
sarily subject to question if the exposed 
surface of the alloy is small, and if the 
alloy is in electrical contact with ordi: 
nary steel pipe or fittings, due to the 
likelihood of setting up galvanic cells 
under these conditions in which the 
alloy could become cathodic, and migl 
be protected at the expense of the 
jacent steel equipment. Observations 
gate valves have shown that brass guid 
in these valves, and hard-surfaced di 
in these valves, have not been corrod 
whereas the steel parts of these val 
have been badly corroded. Stainless stg 
sampling tubes have been unaffected 
this corrosion, whereas steel sampli 
tubes have failed after 2 years’ servi 
Orifice plates of stainless steel have 
mained free of any signs of corrosig 
while the steel meter runs have be 
badly corroded. 

The successful injection of chemi¢ 
into the flow stream below the surfag 
fittings is almost impossible for m 
chanical reasons in a dually complet 
well or in a well in which the tubig 
is packed off from the casing. In sué 
wells the use of satisfactory alloys ¢ 
of satisfactory protective films on sub 
surface equipment appears to be th 
only practicable means of combating! 
internal corrosion due to the mechan- 
ical difficulties of introducing any pos- 
sible method of chemical or electrical 
protection into the flowing stream be- 
low the surface fittings when the well 
is in operation. Continuous chemical 
treatment of any well involves an ap- 
preciable expenditure for operation of 
the injecting equipment, and requires 
constant and careful supervision, agaift 
emphasizing the desirability of alloys 

Future work. An intelligent attac 
on this problem would require determi 
nation of the causes of this corrosio 
These causes are not definitely knows 
at present. Complete information re 
garding the chemical nature of the pro- 
duced fluids and the geologic and physi- 
cal conditions of production should be 
of material assistance in attempting t 
determine causes of this corrosion. 10 
assist in compilation of this informa 
tion, a comprehensive questionnaire is 
included as an appendix to this papefs 
If sufficient numbers of these question 
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naires could be filled out showing con- 
ditions in both corroded and non-cor- 
roded wells, it appears likely that an 
analysis of the then available data 
should assist in indicating possible 
causes of this corrosion. It is, of course, 
obvious that determination of the causes 
of this corrosion would be of tremend- 
ous value to the operator who drills in 
a new high pressure field and must spe- 
cify the type of equipment to be in- 
stalled in the field. A knowledge of the 
cause or causes of corrosion could also 
be of material benefit in planning ways 
and means of eliminating or minimiz- 
ing this corrosion. The questionnaire 
has been included in this paper to di- 
rect attention to many of the details 
that might have some bearing on the 
presently unknown cause or causes of 
this corrosion. Available data showing 
the approximate ranges of various con- 
ditions reported to date as existing in 
corroded wells are not complete. How- 
ever, some approximate values of these 
conditions have also been included in 
the appendix to show at least some con- 
ditions under which this particular type 
of corrosion has occurred. 

Many companies are actively in- 
vestigating probable causes of this cor- 
rosion at present and full interchange 
of ideas and data developed by this 
work appears to be desirable. It is the 
function of the A.P.I. Sub-Committee 
on High-Pressure Corrosion to assist in 
this interchange at present. Two papers 
discussing theories of causes of this cor- 
rosion were presented at the annual con- 
vention of the National Association of 
Corrosion Engineers held in Houston. 
Texas, April 10-12, 1944."* Both 
authors ascribed the corrosive attack 
primarily to the presence of carbon 
dioxide in the produced gas, but one 
author ® indicated that, in his opinion, 
other conditions, such as rate of flow of 
gas, and fluid film behavior at high flow 
rates, would possibly affect the rate of 
corrosive attack. Further development 
of these theories is desirable, but any 
satisfactory theory must explain all of 
the anomalies of behavior that have been 
indicated above, and must stand the 
test of explaining field observations. 

The Natural Gasoline Association of 
America has recently appointed a com- 
mittee to study this corrosion problem. 
This committee has concluded that the 
problem is of such magnitude that the 
industry should superimpose a central- 
ized research program on the various 
individual research efforts that are un- 
der way at present. It should be empha- 
sized in this connection that all existing 


TSome Studies of Water Produced by High-Pres 
sure Wells,’”? by W. F. Rogers, National Association ot 
Corrosion Engineers, April, 1944. 


8A Study of Corrosion in Gas and Condensate Wells 
in the Katy Field, Texas,”? by F. W. Jessen, National 
Association of Corrosion Engineers, April, 1944. Also 
eo in Oil & Gas Journal—42 No. $2, p. $3, May 
4, 1944, , 
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work by individual companies and by 
various committees of the petroleum in- 
dustry should be continued to the ut- 
most. However, the detached viewpoint 
of a commercial research institute 
should be of value in considering this 
problem. The Natural Gasoline Asso- 
ciation of America has retained the 
Battelle Memorial Institute, of Colum- 
bus, Ohio, to initiate this research work. 
The Natural Gasoline Association of 
America is also considering the reten- 
tion of other organizations or individ- 
uals to assist in this research program. 
The work will be financed by direct 
contributions from interested compan- 
ies. Such a program should permit a 
more rapid solution of the problem 
than any suggested alternative proce- 
dure, and speed in the solution of 
this problem is extremely desirable. 
Full cooperation of the industry with 
the research groups selected will, of 
course, be essential as the research 
groups must have full access to all 
facts regarding field operations to work 
most efficiently. Also, field samples 
will be required, and many field tests 
of processes and equipment will prob- 
ably be required before a final answer 
is reached. The difficulties to be en- 
countered in this proposed program 
of research are still largely unknown, 
and it is impossible to estimate the time 
required for satisfactory completion of 
this work at present. The problem does 
appear presently to be of such magni- 
tude that its solution will require sev- 
eral years, and the program of attack 
should be based on that assumption. 
But, until this problem is satisfactorily 
solved, this new form of high pressure 
corrosion will continue to offer a se- 
rious hazard to life and property, and 
will be of direct concern to every op- 
erator of a high pressure gas well. 

Conclusions. The problem of cor- 
rosion of high pressure production 
equipment is a very real problem inso- 
far as the petroleum industry is con- 
cerned. 

Information regarding the exact 
causes of this corrosion is not presently 
available. 

No generally satisfactory methods of 
combating this corrosion have been 
proved. 

The problem can best be attacked by 
the cooperative efforts of the petroleum 
industry. 
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A New Application of Water Injection for Maintaining 
Reservoir Pressure and Increasing Natural Water Drive* 


NTRODUCTION. Recognition 

by the industry of the advantages 
of water drive at maximum reservoir 
pressure has resulted from considerable 
research and many years of practical 
study of reservoir behavior. It has been 
advocated that production under effect- 
ive water drive be accepted as the engi- 
neering and conservation standard to 
be achieved and, further, that the rate 
of production for each pool should be 
restricted so as to permit the water 
drive to be effective.! There is little 
doubt that the majority of oil pools 
have had some degree of water drive. 
In the Bartlesville sand in northeastern 
Oklahoma it was found that pools hav- 
ing the best water drives were located 
nearest the outcrop from which a 
certain amount of recharging water 
could have entered and in areas known 
to be connected effectively with large 
unbroken volumes of water-bearing 
reservoir.” Many pools depend upon the 
expansion of water in major sand bodies 
to supply influx for natural water 
drive. Examination of geological con- 
ditions shows that water influx often 
is seriously limited, and explains why 
some pools have had only partial water 
drives.* In the Oklahoma City Wilcox 
pool it is reported* that 509,000,000 
bbl. of pore space, representing only 
41.7 per cent of the reservoir, was per- 
meated by water by July 1, 1940, and 
since that time water influx has con- 
tinued at a greatly reduced rate. Less 
than 20,000 bbl. of water per day has 
been produced since April, 1938, with 
no rise in water level. Results of studies 
of reservoir behavior and examination 
of production records in many fields 
have shown that natural water drive is 
usually unable to maintain sufficiently 
rapid influx at a rate for maximum eco- 
nomic benefit. Restriction of produc- 
tion rates often will be found to be 
acceptable conservation practice, al- 
though such procedure does not in- 
crease the volume of water available. 
Inasmuch as the question is that of 
“degree” of water drive, it should be 
well to search for more positive means 
of its control. Injection of extraneous 
water may be regarded as a direct ap- 
proach to the problem of improving 
and sustaining natural water influx. 
However, it is believed that no quan- 
titative data have been accumulated 
and presented heretofore which dem- 
onstrate the feasibility of the method. 





_ *Presented before American Petroleum Institute Divi- 
sion of Production, Chicago, Illinois, November 11, 1943, 
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By WILLIAM L. HORNER and D. R. SNOW 


Barnsdall Oil Company 


In the Midway field, Lafayette County, 
Arkansas, fresh water has been injected 
since April 19, 1943, into. the Smack- 
over formation underlying and at the 
edge of the oil reservoir. The essential 
factual data, together with the results 
of material-balance calculations and 
pressure predictions, are presented. 

Reservoir characteristics. The 
field was discovered by Barnsdall Oil 
Company’s No. 1 Bond, which was 
completed, January 1, 1942, in the 
Reynolds “‘oolitic” zone of the Smack- 
over limestone.® As of October 1, 1943, 
there were 39 producing wells in the 
field—30 flowing and 9 pumping. The 
producing area has been found under 
sections 9, 10, 11, 12, 13, and 14, of 
township 15 south, range 24 west, and 
section 18, township 15 south, range 
23 west, Lafayette County, Arkansas 
(Fig. 1). The field lies to the north of 
a major faulted zone regarded as being 
related to the Balcones fault system of 
Texas, and which previously had mark- 
ed the northern limit of production 
from the Smackover limestone. A pro- 
ductive area of approximately 1700 
acres is estimated (Fig. 2). 


Study of the structural map and 
cross-section (Fig. 3) shows the reser- 
voir in the crest of a steeply folded 
elongated anticline. There is no gas cap. 
The oil column reaches a maximum 
thickness of approximately 200 ft., 
which is in an area around the dis- 
covery well. The water-oil contact is 
apparently not a definite plane; but a 
practical and arbitrary level has been 
chosen, 6225 ft. below sea level, on the 
basis of information from production 
tests, mud-analysis logs, electrical logs 
and cores. The volume of Smackover 
formation below the top of porosity 
and above 6225 ft. below sea level has 
been calculated to be approximately 
126,000 acre-feet. Study of numerous 
electrical logs, core analyses, and a bot- 
tom-hole-sample analysis shows this 
volume to contain 150,00,000 bbl. of 
oil as would be measured under stock- 
tank conditions. This amount of oil is 
the amount in place—a portion of 
which is recoverable—the amount of 
recovery largely depending on the effi- 
ciency of expulsion. 

Non-uniformity of the formation is 
disclosed by data collected on many of 
the wells drilled. Coregraphs and elec- 
trical logs (Fig. 4), as well as drill- 
ing-rate curves, show that a large pro- 
portion of the reservoir is of low 
permeability. The problem of produc- 


ing maximum quantities of oil from 
individual wells with minimum quan. 
tities of water has been found to affect 
directly the yield obtainable. When 
limited by a given completion tech. 
nique, more oil can be recovered if 
sufficient water is available to continue 
operations so that higher percentages 
of water can be produced; thereby 
flushing action can be made more com- 
plete in the less-permeable parts. 

Pressure history. The initial reser- 
voir pressure was measured to be 2920 
Ib. per sq. in. at 6050 ft. below sea 
level. Bubble point of the reservoir oil 
is 2528 Ib. per sq. in. abs., at a reservoir 
temperature of 182° F. Rapid decline 
in bottom-hole pressure, which charac- 
terized reservoir behavior, was observed 
following discovery of pressure falling 
to 2665 |b. per sq. in. by May 1, 1943— 
a decline in excess of 1/2 lb. per sq. in. 
per day. During this period frequent 
and accurate measurements of reservoir 
pressure were obtained by the Barnsdall 
Oil Company and the Arkansas Oil and 
Gas Commission, and at the same time 
accurate measurements (Fig. 5) were 
recorded as to the amounts of oil, gas, 
and water produced. Physical measure- 
ments on a reservoir sample of crude 
provided information as to the expansi- 
bility of the reservoir oil with changes 
in pressure, and also determined the 
formation volume factor and shrinkage 
used for correcting stock-tank oil vol- 
ume to barrels of reservoir oil. 

Material balance. Based on these 
measurements, material-balance calcu- 
lations were made (Fig. 6) for several 
successive periods during withdrawal of 
more than two million barrels of oil. 
The principle of these calculations‘ 
used in this connection to determine the 
amount of water drive can be stated as 
follows: 

Total withdrawals, barrels of reser- 


voir oil = expansion of reservoir + 
water influx. 


The total amount of water influx for 
each pressure survey was calculated by 
that equation, the remaining factors 
having been determined by the physical 
measurements. Based on the pressure 
surveys ending February 16, 1943, ao 
average daily influx of 5290 bbl. per 
day was calculated for the previous 55- 
day period. This figure was compared to 
6660 bbl., the average daily withdrawal 
of reservoir fluids for the same period. 


This suggested the probability of re 


tarding the rate of pressure decline by 
augmenting the natural drive some 
1400 bbl. per day by injecting a larger 
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quantity of fresh water. It was obvious 
that, should this step succeed, reservoir 
pressures could be increased by increas- 
ing injection rates. The literature shows’ 
that successive reductions 
drawal rates failed to halt but tempo- 
rarily the decline in reservoir pressures 
in Buckner, a similar pool, near Mid- 
way. Because of these reasons, and be- 
cause an adequate low-cost water sup- 
ply was available at Midway, the eco- 
possibilities of 
water injection were clear. 

Injection well. With the permission 
of the Arkansas Oil and Gas Commis- 
sion, Barnsdall’s No. 2 M.F. Creek, a 
dry hole located in the southeast quar- 
ter of section 10, township 15 south, 
range 24 west, was converted into an 
input well. This well had encountered 
the top of Smackover porosity at 6240 
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ft. below sea level. To convert this well 
for input purposes, 5'/-in. O.D. casing 
was set at 6343 ft. below sea level in 
the 97%-in. diam. hole which had been 
deepened to 6490 ft. below sea level. 
The last 20 ft. drilled were dense crys- 
talline limestone, without permeability. 
Of the section exposed, approximately 
100 ft. were indicated to be permeable 
according to an interpretation of the 
electrical log and cuttings. The top of 
the zone exposed was 118 ft. below the 
water-oil contact for the field, and 103 
ft. below the top of the formation (Fig. 
3). The open hole was underreamed to 
gage, the surface of the formation 
being scraped with the underreamer 
while fresh water was used to circulate 
out the cuttings. The face of the for- 
mation was cleaned with a light acid 
wash, and a short injection test was 
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which 


3 bbl. per day per Ib. per sq. in, of pres. 
sure. After acidizing with 7000 
another test showed 7.6 bbl. per day per 


Ib. per 


low water-supply well operated by g 
lift, water was supplied to the w 
through a 4-in. by 10-in. power pump, 
and injection was commenced on April 


to determine input capacity— 
was found to be approxima; 


sq. in. of pressure. From a sh; 


19, 1943. Four days later the injection 


capacity had fallen to 4 bbl. per day per 


Ib. per 
the in 


stantially the same, no decline havig 
been noted in the 4-month period engi 
ing September 23, 1943—at whi¢ 


time a 


been injected, an average rate of 22{ 
bbl. per day against a pressure of 
proximately 620 Ib. per sq. in. The fae 
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Fig. 1. Location of Midway field, southwestern Arkansas 





Fig. 2. Structure map, contoured on top of porosity 


Fig. 3. Cross-section connecting input wells Nos. 1 and 2 
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...and the choice of a 
complete line for all 
drilling requirements 


*Drilling depth 











No. 100-C : No. 150-C No. 300-C ratings with 

*Depths to— - *Depths to— *Depths to— 414-in. drill 
8,500 ft. z 12,500 feet 17,000 feet pipe. Ratings 

at 100 r.p.m. ; at 100 r.p.m. at 100 r.p.m. at higher speeds 


¢ you plan to drill the world’s deepest well, you will find a 
swivel in the “Oilwell” line that is excellently suited for the 
job. Or if you want a long-lasting, well-designed swivel of efh- 
cient size for shallow drilling, you will find it also in this com- 
plete line of four sizes. Whatever your requirements may be, 
note these 10 important features of “Oilwell” design: 


Heavy-duty roller bearings — lain bearing is of the full-apex type, 
especi: lly de signed for its applic ation and proved by its out- 
standing service records. Wide sp: icing of the two bearings 
carrying the radial load assures maximum sti ibility. 


Circulating oilbath lubrication — Al] bearings are constantly im- 
mersed in a continuously circulating bath of lubricating oil. 


heat-treated forged-steel body with integral tool-joint pin — L sarge- 
diameter fluid passage. A left-hand A.P.I. tool-joint pin is cut 
directly on the body, with ample stock for re-threading. 


bilard wash pipe— Abrasion-resisting lining of Di-Hard bonded 
to the inside protects the wash pipe from the cutting action of 
the fluid. A ground-and-polished armor of Di-Hard bonded to 
the — greatly extends the wear-life of both wash pipe and 
packing 


Self-sealing wash-pipe packing Requires no adjustment. A con- 
vement fitting facilitates lubrication with waterproof grease. 


on application. 


Streamlined one-piece cast-steel housing —Provides rigid support 
for all working parts and prevents distortion under heavy 
loads. 

Shock-absorbing and wear-preventing link-rest pads — Protect the 
swivel and the links from destructive hammering of metal 
against metal. 

Large-diameter heat-treated forged-steel bail —One-piece construc- 
tion with increased thickness at the top to compensate for 
hook-wear and give extra strength. 

One-piece cast-steel housing cap— Provides utmost accessibility 
to the wash-pipe stufhng box. 

Long-radius heat-treated cast-steel gooseneck—l-nlarged fluid pas- 
sage at bend decreases fluid velocity. This feature combined 
with long radius reduces flow-restriction and fluid-cutting. 


OIL WELL SUPPLY COMPANY 


Executive Office — Dallas, Texas Export Division Office 

Division Offces—Columbus, Ohio 30 Rockefeller Plaza 

Dallas, Texas—Los Angeles, Calif New York City 
Branches Serving All Oil Fields 


UNITED STATES STEEL 


OILWELL’ 
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Fig. 4. Coregraph and electric log, Barnsdall No. 3 Bond 


that pressures required to inject at a 
given rate have not increased may be 
taken as an indication that the water 
injection had not plugged the forma- 
tion. 

Results of injection. Ordinarily 
the allowable rate of production for a 
field in Arkansas after having had a 
pressure decline of 1/2 lb. per sq. in. per 
day would have been ordered reduced. 
However, the Arkansas Oil and Gas 
Commission recognized favorable pos- 
sibilities when plans for experimental 
injection were submitted for approval 
February 24, 1943; and, consistent 
with its progressive attitude, ordered 
that the allowable per well remain sub- 
stantially unchanged at approximately 
175 bbl. per day following the hearing 
April 6, 1943. The commission again 
renewed its order on July 21, when evi- 
dence of success was submitted at the 
statewide hearing. The value of the in- 
jection was aided greatly by the fact 
that individual well allowables were 
held constant for 5 months prior to 


Fig. 5. Pressure-production history 


the start of the experiment, and have 
since remained unchanged. 

Therefore, in the major portion of 
the field, where no changes in with- 
drawals have occurred, pressure history 
since the start of injection might be 
interpreted freely as a measure of the 
effectiveness of the experimental sys- 
tem for augmenting the natural water 
encroachment. Because pressure meas- 
urements made since May 1 show no 
great change, it follows that injection 
was maintained at a rate sufficient, to- 
gether with the natural drive, to replace 
the fluids as withdrawn. 

The first effects on reservoir pressures 
were observed in wells nearest the input 
well. As of September 14, two offset 
wells averaged approximately 2690 lb. 
per sq. in.; two other wells about one 
mile away—one mile from the input 
well—averaged 2640 lb. per sq. in. as 
compared with 2600 Ib. per sq. in., the 
pressure expected for each of the 4 
wells if there had been no injection 
(Fig. 7). The indicated pressure gradi- 


Fig. 6. Material balance and injection 


ent of 50 Ib. per sq. in. per mile is signi. 
ficantly low. 

Permanent injection and brine. 
disposal system. Construction for ex. 
pansion of the injection facilities jg 
under way. An agreement recently 
entered into by the six operators in the 
field at Midway specifies a system of 
four input wells to be furnished water 
under pressure from a central plant, 
which plant is to be supplied with 
water from shallow water wells and 
brine from a salt-water gathering sys. | 
tem (Fig. 8). The cost of the complete 
project is estimated at approximately 
one-tenth of the development cost for 
the field, exclusive of geological and 
geophysical expense. It provides for per- 
manent brine disposal and for a flexible! 
program of water input. 


Predictions of recovery and 
water requirements. The capacity of 
the several productive shallow water 
wells in the field averages about 2500 
bbl. per day per well. The shallow 
water sands are found at depths from 
120 ft. to 450 ft., and extend in ap 
area covering the major portion of the 
field. For the present rate of: with- 
drawal, it is calculated that the maxi- 
mum amount of fresh water required 
will be 8000 to 10,000 bbl. per day, in- 
creasing gradually to that amount from 
the present requirement of 3000 bbl. 
per day (Fig. 9). Increased rates of oil 
withdrawal or increased bottomhole 
pressures will require more rapid in- 
jection (Fig. 10). 








In order to anticipate the amount of 
salt water to be handled and injected 
with the extraneous fresh water re- 
quired, calculations were made based 
on conservative conditions. It was as- 
sumed for the purpose of calculation 
that the water drive is to be entirely 
lateral, and that edge water encroach- 
ment is the displacing force. It was as 7 
sumed that the encroaching edge water 
moves through each layer of formation 
at a speed proportional to the permea- 
bility of that part, and that all of the 
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CAMERON 


Type “WwW” 


CASING SEAL 


A Dependable Seal 
For 


Hard-To-Weld Casing 


The resilient sec! ring is laced 
over the casing in this manner. 


land 
, i 


4 3-segment pachnd Sting, 


an 
y ring mbled on top 


Socket head 
cap screws. 


Split packing 
gland. 
Resilient 
seal ring. 


Packing re- 
tainer plates. 


Where hard-to-weld Grade N-80 casing is used, 
or, if for any reason a welded seal it not desired, 
the Cameron Type ‘“‘W"’ Resilient Seal is recom- 
mended to provide a safe seal between casing 
strings. When casing is suspended on the slips and 
cut off, an oil, gas and heat resisting synthetic rub- 
ber ring and packing gland are laced over the cas- 
ing and bolted down on top of the slips. Tightening 
the socket-head cap screws applies compression to 
the resilient packing to effect a pressure-tight seal. 
Steel packing retainer plates, moulded in the bottom 
of the resilient seal ring, bridge the slip segments 
and thus confine the packing to the area between 
the top of the slips and the packing gland. This de- 
sign eliminates exposed threads on the inside diam- 
eter of the casinghead and permits higher compres- 
sion in the packing than do conventional screw type 
packing glands. 

If desired, a Type ‘‘WM" Test Flange can be fur- 
nished to provide means for testing the Type ‘*W"' 
Resilient Seal. 


CAMERON IRON WORKS, INC. 


711 MILBY ST., HOUSTON, TEXAS 
Export: 74 Trinity Place, New York, N. Y. California: The Howard Supply 


i. Co., Los Angeles. Rocky Mountain: Mountain Sales & Service, Casper, Wyo. 


BUY MORE 
WAR BONDS 














Fig. 8. Map showing lines and wells for injection project 
















































































R. 24 W. R.23 W 
+ 
INJECTION WELL NO 2 
9° e e > MIDWAY FIELD 
| [ ‘ LAFAYETTE CO. ARK. 
a ae \ | PRESSURE LINES 
. . ~n . . - ° 
° SL —— GATHERING LINES ; 
9 10 J. AB CHESNEY ; 
~ Pp P STATION SITE re 
° a. 4 - Punter pur Puy Weers vs _ 9-10-09 
NJECTION WELL wOt JSALT (WATER TANAKA 
Ra — GATHERING LINES FOR SALT WATER 
| ~<t CeMENT-ASBESTOS PIPE 
- - { « ~~? o e 7 ¢ © ” t 
WATER DISTRIBUTION—* ° e e “ ° ° ° = : s 
CEMENT LINED PIPE a, 
™ INJECTION WELL NO. 3 + ° ° . . 
INJECTION WELL NO 4 
°° 
16 15 14 13 18 
+ 
+ 
water which will move through the reservoir pressure is desired, the rate _— oe pan 
more permeable zones after they have __ of oil production then is shown to com- xe 
. . . . mMiIioWw. 1} 28 SS 
been flushed must be produced in order = mence to decline—decreasing in pro- | LAFAYETTE CO. Ame 
. . . . . MO'VIOUAL PRI ~ v' ’ 
to recover oil from the formation hav- portion to a rise in salt water produc- ; | | een ae 
v. we or 


ing low permeability. These assump- 
tions obviously make no allowance for 
the possibilities of selective comple- 
tions, nor for the success of workover 
jobs for reducing the amount of water 
production. Technological advances, 
however, can reasonably be expected to 
provide means for effectively reducing 
water percentages in the future. It is 
likewise conservative to expect that the 
pressure-maintenance program will 
provide sufficient energy to induce 
vertical movement of the water table 
through much of the formation of low 
permeability, which otherwise would 
be bypassed by a strictly lateral drive. 
Statistical analysis of the permeability 
measurements has been applied—show- 
ing that, without control over water 
production, the combined rate of fluids 
to be injected could exceed 22,000 bbl. 
after 20 years of production at 6500 
bbl. per day. On the assumption that 
greater injection capacities would not 
be provided and that no decrease in 


Fig. 9. Influence of injection on yield 


tion. An ultimate yield of 67,000,000 
bbl. is calculated under the conditions 
stated. " 

A yield of less than one-half of the 
amount is calculated for production 
without injection, the difference being 
due to the limited volume of natural 
influx expected. Natural influx here is 
dependent on expansion of water from 
the definite volume of Smackover lime- 
stone known to be connected to the 
pool. From these facts, it is calculated 
that less than one-ninth of the desired 
quantity of water can enter the pool 
during its productive life if unaided by 
injection. The resulting partial water 
drive can cause only partial recovery 
of oil. 

Pressure predictions. Five months 
of water injection at Midway has shown 
indications that natural water drive has 
been augmented by the use of one input 
well. By the use of additional injection 
wells, properly located so as to aid more 
uniformly the natural water drive 
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Fig. 7. Individual pressures, four wells, 
vs. trend for wells west of saddle 
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under the pool, it is expected that con- 
siderable control can be exercised over 
the pressure behavior of the field. Pres- 
sure-prediction calculations, following 
methods described by W. A. Bruce,® are 
used to show graphically (Fig. 10) that 
pressure may be controlled even to the 
extent of being increased, while at the 
same time increasing the production 
rate—provided the proper amount of 
extraneous water is injected, together 


with all of the brine produced. 
Choice of an optimum pressure for 


Fig. 10. Influence of injection on pressure-production trends 
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P.. 15,255 feet and still drilling ... for a new 
world’s record. 


Harvester is happy to have a part in the drilling 
of the world’s deepest well near Ft. Stockton, Texas, 
and salutes this Phillips Petroleum Company operation. 


The International Power Unit shown above, work- 
ing at the Phillips well site, is one of the many pieces 
of oil field drilling equipment that have been har- 
nessed together to make this new record possible. 


This is the kind of teamwork, done the American 
way, that will make the goal of 20,000 new wells drilled 
in 1944 a@ reality. Experts say our country needs that 
many new wells this year to supply sufficient oil for 
military and civilian needs. 


International Power Units are doing a great jeb 


A MENS oS SG 
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on the oil front. They have the built-in performance 
and stamina you want, now and post-war. There is a 
size and type for every need . . . four sizes of car- 
buretor-type engines with advanced design combustion 


‘control; four easy-starting Diesel engines with advanced 


design fuel injection system. 


New International Power Units, in limited quan- 
tities, are being released for essential oil field jobs. See 
the International Industrial Power distributor for in- 
formation. Meanwhile, take good care of your Inter- 
nationals. Keep them properly serviced. Equipment 
conservation, always important, is doubly so for the 
duration. 


INTERNATIONAL HARVESTER COMPANY 
180 North Michigan Avenue Chicago 1, Illinois 
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For the Oil Industry 


Like Judy O’Grady and the Colonel’s Lady—the Oil and Water drilling and 
producing industries are sisters under the skin. Seldom has the wildest wild- 
catter wandered beyond the reach of Layne. Without water, the entire oil 


industry could not operate. 


For more than three score years, the Layne 
Organization has worked side by side with 
drillers, pumping stations and refiners. 
Layne knows the water needs of the oil in- 
dustry and has installed hundreds of Well 
Water Systems that more than adequately 
fulfill their required jobs. 

Layne Water Systems and Layne Deep 


Well Pumps have the capacity, quality and 
endurance that oil men always praise. Fur- 
thermore, there is top flight efficiency that 
keeps operating cost at the lowest figure. 


If you need further facts about Layne 
Well Water Systems or Layne Deep Well 
Pumps, write for late literature. 


AFFILIATED COMPANIES: Layne-Arkansas Co., Stuttgart, Ark. e Layne-Atlantic Co., Norfolk, 
Va. « Layne-Central Co., Memphis, Tenn. ¢ Layne-Northern Co., Mishawaka, Ind. e Layne- 
Louisiana Co., Lake Charles, La. « Louisiana Well Co., Monroe, La. « Layne-New York Co., 
New York City « Layne-Northwest Co., Milwaukee, Wis. « Layne-Ohio Co., Columbus, 
Ohio « Layne-Texas Co., Houston, Texas « Layne-Western Co., Kansas City, Mo. e Layne- 
Western Co. of Minnesota, Minneapolis, Minn. « International Water Supply, Ltd., 
London, Ontario, Canada. 





LAYNE & BOWLER, INC. 


General Offices: Memphis 8, Tennessee 


Builders of Well Water Systems for Every 


Industrial and Municipal Need 








the reservoir will depend on several fac. 
tors including cost of injection, pro. 
ductivity index of individual wells, per. 
centage of water in fluid produced, and 
rate of production. It appears to be 
feasible, and it may be found to be 
profitable, to raise the reservoir pressure 
considerably above the original pressure 
in order to keep most of the wells flow- 
ing. Although maximum productivity 
and greatest ultimate yield are of first 
importance, engineering consideration 
of lifting methods presents additional 
interesting possibilities in connection 
with a long-range program of pressure 
maintenance by this method. 


Conclusions. The results obtained 
at Midway will invite the adoption of 
this practice in other pools. Careful 
study and caution are appropriate when 
different conditions are met. Under 
certain conditions other secondary 
means of control would be found pre- 
ferable. In many similar reservoirs, 
however, there is every likelihood of its 
successful and profitable application. 


Acknowledgment. The writers 
gratefully acknowledge valuable aid 
rendered the experiment by production, 
engineering, and geological personnel 
of Barnsdal] Oil Company and by the 
Arkansas Oil and Gas Commission. 
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Production Materials 


Douglas O. Johnson, Gulf Oil Cor- 
poration, has compiled information on 
what material and equipment have been 
difficult to obtain under war conditions 
by the production division of the oil in- 
dustry. He concluded from his findings 
that a greater shortage today was man- 
power instead of materials. The paper 
was given at the A.P.I. meeting, May; 
1944, Tulsa, Oklahoma. 
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It’s a Veteran now—a veteran of thou- Marmon-Herrington congratulates the oil in- 
sands of miles of operation across prairie, dustry for the remarkable and patriotic job it 
desert and marsh. An “Old Timer” in the has done in keeping its automotive vehicles 


struggle to maintain the nation’s oilsupply _—_ going, some long beyond their time—during this 


in the face of greatly expanded war-time needs. war. We hope it will not be many months until 


Being a Marmon-Herrington All-Wheel-Drive improved models will be available to this vital 
converted Ford, it has gone places where no or- _ industry. 
dinary truck could go—done transportation jobs When that day comes, new and better Mar- 


which no conventional-drive truck could do. mon-Herrington All-Wheel-Drives will be ready. 


* BUY MORE IN FORTY-FOUR— 5TH WAR LOAN BONDS * 


MARMON-HERRINGTON 


AU Wheel Quve TRUCKS 


MARMON -HERRINGTON CO., Inc., INDIANAPOLIS 7, INDIANA 
Cable Address: MARTON 
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Flowing Producing Wells in Secondary Recovery * 


UR chief reason for discussing this 

subject at this time is to report 
progress on a development that has 
caused some little talk in this area. We 
would like to tell what we are doing, 
because we feel that flowing of produc- 
ing wells in secondary recovery would 
be an advance in the means of produc- 
ing oil. We would like also to tell what 
we have learned so far, and how we are 
doing what we are doing, in the hope 
that others too may do some experi- 
menting to the end that any advantages 
in the method may be more quickly ar- 
rived at, and a simple and economical 
method of producing be developed and 
adopted. 

Early in the experiments we asked 
for assistance from the Franklin, Penn- 
sylvania, office of the U. S. Bureau of 
Mines, Petroleum and Natural Gas Di- 
vision. The wholehearted cooperation 
and constructive interest we have re- 
ceived has been of very great assistance 
and encouragement to the work so far. 
We feel that our area is fortunate, in- 
deed, to have stationed here men with 
such a combination of scientific, tech- 
nical, and practical experience. In this 
regard it is proper to state here that: 
(1) The experiment in flowing wells in 
air and gas drive operation is not a one- 
man show; (2) that the various mem- 
bers of our company and of the Bureau 
of Mines staff have contributed 
thoughts, ideas, and suggestions, and, 
(3) the speaker is merely the mouth 
piece for the present exposé. Part of the 
conditions for the Bureau of Mines 
participation is freedom to publish any 
valuable results under their own author- 
ship and auspices. 


This cannot be classed as a technical 
paper. Such would require the presen- 
tation of data and evidence to support 
definite conclusions with regard to va- 
rious phases of the subject, or with re- 
gard to the subject as a whole. This 
paper can merely recite our experiences 
to date, and draw a few inferences from 
them. 


Because of the fact that we are flow- 
ing some of the wells in our water- 
flooding operations in Kansas, we pro- 
pose to discuss very briefly that phase 
of the subject. We are not yet ready to 
release figures or data in connection 
with that venture, hence, we will limit 
ourselves to methods, etc. The greater 
portion of this talk will be devoted to 
the flowing experiments in our air and 
gas drive leases in Pennsylvania. 





*Presented at the mid-year meeting af the board of di- 
rectors of the Independent Petroleum Association of 
America, Bradford, Pennsylvania, April 28, 1944. 
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By ROBERT B. BOSSLER 
Brundred Oil Corporation 


There are, of course, reasons both for 
and against flowing of wells in a water- 
flood. From the economic standpoint, 
it is obvious that investment costs and 
operating costs should be lower than 
when pumping. On the other hand, the 
lifetime of a flood probably will be 
longer, capital may not be returned so 
rapidly, and the ultimate recovery in 
barrels may be somewhat smaller if the 
wells are flowed. Peak productions are 
not so high and production js better dis- 
tributed when flowing, with the result 
that federal taxes may be a less serious 
problem. 

We will not be completely sure of all 
of these factors until the property more 
nearly approaches final depletion. 

As a whole, the verdict based on our 
experience is in favor of flowing. An 
added year or two of life will not great- 
ly add to the total cost, a high water 
to oil ratio can be handled cheaply, and 
operating costs can be progressively low- 
ered as necessity will require when pro- 
duction declines. 

Technically, the flowing of wells pro- 
ducing from shoestring sands does not 
present the same array of problems that 
are presented in flowing wells produc- 
ing from sheet sands. The reservoir can 
be put under pressure with small risk 
of pushing oil over to neighboring leases. 

Another reason for flowing lies in 
the fact that the pressure distribution 
under flowing conditions is not vastly 
different from that existing under 
pumping conditions. This fact is not re- 
stricted to shoestring sand reservoirs. 

In equipping wells to flow in water- 
flood operations we equip single sand 
wells the same as input wells. A rag 
packer (poor man’s packer) is placed 
at the top of the sand and cemented. 
An anchor, arranged to facilitate wash- 
ing, extends through the sand. We are 
now using 114-in. and 2-in. cement 
lined tubing for our wells. We pull our 
casing. The protection of water bearing 
horizons above the producing sand is 
not a problem where we operate, and 
our operation has been fully described 
to the Kansas State Corporation Com- 
mission. 


For multi-sand wells, dual or parallel 
tubing strings are used in input wells. 
For producing wells, our general prac- 
tice is to use a single tubing string, per- 
forated opposite each sand. Any of the 
producing sands can then be isolated 
for test or control, by use of a small 
string and packers run inside the larger 
tubing. 

One objection to flowing is that 
water is held in contact with the sand 


face of the producing well. To over. 
come this we would like to call atten. 
tion to an arrangement suggested 
Pennsylvania State College. In this ar. 
rangement, a pocket is drilled below 
the sand and the tubing extended below 
the packer and into the pocket. Any 
fluids to enter the tubing must first go 
into the pocket. This means that with 
water present, it will be produced first, 
and oil only will be in contact with the 
sand face after enough oil has been pro- 
duced to fill the shot hole and the pocket 
down to the lip of the tubing. 

In regard to the flowing of the pro- 
ducing wells in air and gas drive fields, 
the questions arise as to whether it can 
be done, what are the reasons why it 
should be done, can it be generally ap- 
plied to all wells or to only a portion of 
them, and what is the best way of do- 
ing it? 

There can be no question that wells 
can be flowed, and our experiments, 0 
far as they have gone, give promise that 
it may begome a practical method of 
producing oil. We are flowing wells 
which formerly produced 4,000 to 17,- 
000 cu. ft. of gas daily, and which will 
develop a shut-in pressure of 140 bb. 
Such high pressures, however, are not 
necessary We are operating one well 
1000 ft. deep, producing 144 bbl. per 
day, at a pressure of 50 to 60 Ib. Flow 
at even lower pressures can be had if 
the gas volume is sufficiently large. 


With sufficient energy available as 
evidenced by actual experience, why 
should this energy be wasted and addi- 
tional energy supplied to pump the 
wells? 


Other reasons for flowing are both 
economic and technical. We believe that 
both investment and operating costs 
will be lower when flowing. It seems 
evident also that if more of the pres- 
sure medium is retained in the reservoir, 
the reservoir pressure should be built 
up and a wider area affected. This would 
mean a more effective use of equipment 
and horsepower expended. This will fol- 
low if the bypassing is reduced, or the 
produced gas-oil ratio is reduced. This 
is important and should be stressed here. 
In some sands.or leases, the wells will 
take in large quantities of air or gas at 
low pressures. Hence, flowing pressures 
may not exist. The restoration of pres- 
sure to such sands or leases by imposing 
a back pressure, provided that leas 
boundary lines or other limitations do 
not prevent it, will not only make flow- 
ing possible, but should produce an in- 
creased ultimate recovery of oil as will 
be discussed under ‘Manner of Flow.” 
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All the works—two discs and 
two wedges—four parts—the entire 
working part assembly of a Darling 
Double Disc Gate Valve. The seats are 
parallel. The discs are fully revolving, 
seating in a different position each 
time the valve is operated. This means 
tighter seating, less wear, longer 
operation, and lower maintenance 
costs with Darling Gate Valves. All 
four working parts are uniform and 
positive in action. They are simply 
designed, with no pockets to collect 
sediment or prevent free and easy 


movement. Any part can be replaced 
quickly and inexpensively without re- 
moving the valve from the line. They 
cannot be incorrectly assembled or 
become disengaged while in service. 
It’s an assembly that will more than 
pay its way in your plant. 


At your service are the engineers of 
the Darling Valve & Manufacturing 
Company. They can solve your valve 
problems without cost or obligation 
to you. Wire or write, setting appoint- 
ment at your convenience. 


Darling offers you a quality line of longer-lasting Gate Valves. They come in 
Fully Revolving Double Disc Parallel Seat, also in Taper Seat — Slotted and Solid 
Wedge types. In service pressures up to 3000 pounds, you can get Darling Gate 
Vaives in Cast Iron, Bronze, Forged Steel, Cast Steel, and Corrosion Resistant 
Alloys. Darling also manufactures Compression Type Fire Hydrants, Check Valves, 
Motor and Cylinder Operated Valves, and many accessories. 


VALVE & MANUFACTURING CO. 


WILLIAMSPORT, PA. 
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To be most effective, both from the 
standpoint of building up a reservoir 
pressure, and from the standpoint of 
decreased operating costs, the number 
of wells and acres should be fairly large. 

Flowing of a few wells may be pos- 
sible, but if pumping equipment must 
be maintained, part of the benefits of 
flowing will be lost, and the building up 
of pressure in the producing sand will 
be restricted. 

It is commonly accepted that five or 
six types of flow occur in vertical tub- 
ing. 

In the “Artesian” type of flow, pres- 
sures equal to the full weight of the 
liquid plus friction would be required 
to produce flow. The type called 
“Foam” should be more correctly called 
“Aerated Column.” Here the density 
of the liquid is decreased by the presence 
of gas bubbles, to the extent that a ver- 
tical foot of column may weigh 2 or 
Y, as much as the unaerated liquid. 
Hence, to flow such a column pressures 
of about '2 to % that required to lift 
an unaerated column of equal height 
would be required. The type called 
“Slug” is most common with us and 
develops when the proportion of gas to 
liquid increases. This type gives a high 
velocity to the liquid. The “Film and 
Mist” types occur as the proportion of 
gas to liquid increases still further, and 
are not very efficient. An additional 
type of flow has been observed at high 
gas-liquid ratios, consisting of a succes- 
sion of rings of liquid being blown up 
the tubing. 


The requirements for flow, at pres- 
sures less than the hydrostatic pressure 
as required for “Artesian” flow, are the 
aeration of the liquid column to de- 
crease its density, and a sufficient vol- 
ume to give the liquid an upward ve- 
locity. 

To explain this action, we believe 
that during the low pressure part of 
the cycle, both gas and oil are rapidly 
brought into the well from the high 
pressure area surrounding the well bore. 
As the gas pressure builds up, a column 
of oil forced up into the flow string. 
As the pressure continues to build up, 
the rate of liquid production apparent- 
ly lags behind the rate of gas produc- 
tion until the liquid surface is forced 
downward by the increased pressure 
displacing the oil into the flow string, 
thus permitting the entrance of gas 
into the orifices. 


The advantages of this periodic man- 
ner of flow are several. Bypassing is re- 
duced, as evidenced by a smaller gas- 
oil ratio. In some cases we have pro- 
duced a barrel of oil with 1000 cu. ft. 
of produced gas. The values vary from 
this to as high as 5000 cu. ft. per bbl., 
but this is still much less than the gas- 
oil ratio under pumping conditions. 
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Under this manner of flowing, it is 
possible that a greater ultimate produc- 
tion may be obtained. During the “build 
up” part of the cycle, the pressure 
within a considerable area around the 
well will be built up. During the “blow 
down” and low pressure part of the 
cycle, flow into the well will occur from 
this high pressure area from all direc- 
tions. In addition very steep pressure 
gradients toward the well will exist 
and it is believed that steep gradients 
not only produce more oil, but produce 
it faster. These factors should result in 
producing more of the oil from the sand 
in the vicinity of the producing well. 

We would like to be able to state 
what arrangement of equipment is best 
for producing this periodic manner flow. 
The truth is that quite a variety of ar- 
rangements will produce it. We do not 
yet know which is best. We will describe 
what we have done. 


Certain natural conditions existing 
required that part of the equipment 
take a certain form. As you know, there 
are in our area three sands; namely, the 
First, Second, and Third Venango sands. 
We produce from the Second and Third 
sands. The First sand is not cased off 
and will take air at low pressures. This 
is packed off by placing packers on a 
string of 2-in. tubing, the packers be- 
ing set above and below the First sand. 
The 2-in. tubing extends to the bottom 
of the hole. This is plugged on the bot- 
tom and is fully perforated below the 
packers to permit the entrance of gas 
and oil from both the Second and Third 


sands. 


Various preliminary designs of flow 
strings were tried and considerable in- 
formation was developed. It was found 
that '4-in. diameter is a practical mini- 
mum diameter of orifice to prevent 
plugging and to permit the entrance of 
sufficient gas to start a flow. Orifice 
diameters ranging from 0.028 in. to 
0.3125 in. (5/16 in.) were used. For 
the conditions under which this experi- 
mental work is being done, it has been 
found that 1-in. tubing is probably the 
best size for producing the periodical 
manner of flow. It is realized, of course, 
that the proper size tubing will depend 
on the gas-oil ratio and the quantity of 
each being produced into the well bore. 


We are now using an arrangement 
modified after the design of syphons 
used to dewater gas wells presented in 
Technical Paper 460 of the U. S. Bu- 
reau of Mines entitled ‘Design and Op- 
eration of Gas Well Syphons.” A con- 
siderable number of modifications were 
required to produce the periodic manner 
of flow desired. 

In this design, the bottom of the 
flow string (1 in.) is capped, inlet slots 
are provided 4 or 5 ft. from the bottom 
having an area several times the area 





















of the 1-in. pipe. At about 40 ft. above 
these slots, two or more holes are drilled 
into the pipe. These are referred ty 
as orifices or jets. We first used brass 
nipples for this purpose, but found troy. 
ble due to incrustations, attributed ty 
electrolysis or “battery effect.” We now 
have in use one string in which a hole 
was drilled into the flow string, ang 
tapped. Into this was screwed a plug of 
plastic material, and the orifice drill ig 
the plastic. We have also in use a nipple 
of “Saran” pipe, which is plastic pipg 
of 1-in. iron pipe size, in which the 
orifices are drilled. Most of our wells 
are operating using two orifices of 
0.120-in. diameter, although some have 
a diameter of 0.140 in. and in one case, 
two orifices of 0.3125 in. (5/16 in), 
are being tested. 





To overcome a corrosion or encrust-. 
ing difficulty due to water runni 
down the flow string, a sleeve was de 
signed, which is screwed to the outsi 
of a coupling on the flow string imme 
diately above the orifices and extends to 
a point below them. The bottom of the 
sleeves or skirt is cut into saw teeth to 
permit the water to run off the sleeve 
without the danger of the gas streams 
picking it up and carrying it up under 
the sleeve and to the orifices. A little 
reasoning indicated that this sleeve if 
of some considerable length might have 
an added advantage. Without the sleeve, 
when the gas pressure has depressed the 
oil surface to expose the orifices and 
initiate a flow, the pressure on each side 
of the orifice is equal and theoretically 
no flow is possible. As the liquid level 
is further depressed, a slight differential 
in pressure between outside and inside 
of the orifice develops, and flow begins. 
When the sleeve is present, however, 
and the bottom of the sleeve is several 
feet below the orifices, appreciable dif- 
ference exists between the gas pressure 
at the liquid level and the pressure within 
the flow string at the orifice level. If 
the length of the sleeve is 20 ft., this 
difference in pressure amounts to about 
71% lb. across the orifice as soon as the 
bottom of the sleeve is uncovered. Be- 
cause of this increased differential pres- 
sure across the orifice, the time and gas 
required to aerate the column in the 
flow string, and to start flow, thus 


should be reduced. 


When a well loses its pressure due to 
some accident or change in operation, 
the well may “head up” with more 
liquid than can be raised by the gas 
being produced by the well itself. In 
this case, it is necessary to add extra- 
neous air pressure. There are several ob- 
jections to this and to overcome the dif- 
ficulty, a modification of the “‘Chambet 
Lift” has been designed and is now be- 
ing tested. 


The above section deals with the 
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WAR on AL. FRONTS 


As the tempo of overseas fighting steps up, the oil 
industries’ production battle increases in intensity. 
Without lube oil and gasoline, America’s fighting 
ships, planes, tanks and mobile guns become “sit- 
ting ducks.” That's why today every oil producer is 
trying to squeeze more oil from each well. That's 
why material priorities for production equipment 
top the list. 


D-++B still builds into its deep-well plunger pumps 
and sucker rods the quality and dependability char- 
acteristic since 1901. For the past few years in thous- 
sands of wells D+-B pumps and rods have been 
exceeding many times over their normal service life. 
But operators have expected this plus service—a 
D--B tradition. This year we are again able to build 
into D--B products the high quality, long life, and 
superior performance that have made this trademark 
known and respected. If the pumping equipment in 
your wells is failing, ask your D+-B representative 
for information on new pumps and sucker rods. 


PUMPS 
& SUCKER RODS 


D-+B DIVISION, EMSCO DERRICK & EQUIPMENT COMPANY 
Los ANGELES, CALIF. ¢ DALLAS, TEXAS 
Distributors P 
California: THe Howarp SuppLy COMPANY, Los Angeles (Sucker Rods Only) 
Mid-Continent: THE CONTINENTAL SUPPLY COMPANY, Dallas, Texas 
Export: THe CONTINENTAL Suppty Company, INc., New York, N. Y. 















































































or BIG ones! 


Their Doom is Sealed! Not a chance for 
“drips” of water, steam, oil, chemicals or 
gases to get away— where there are Fel-Pro 
Metallic Packings, Rings or Pump Packings. 


Leading Machinery Manufacturers are using 
Fel-Pro Packings as standard equipment; all 
industry is using them for replacement; 
because they're the best protection against 
power-weakening, money-wasting leakage. 
Send for the Free Fel-Pro Folder that shows 
a Packing for every purpose. 36 actual 
samples of sealing materials with application 
data. Also consult us on your difficult 
sealing problems. Felt Products Mfg. Co., 
1535 Carroll Avenue, Chicago 7, Illinois 
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Every Wisconsin Air-Cooled Engine is equipped with a high- 
efficiency fan that is cast integrally with the flywheel. And 
each of these flywheel-fans is carefully balanced on a com- 
bination balancing and boring machine which accurately 
locates the heavy spots by means of gravity pendulum 
swing .. . and then takes out the excess metal, as required. 
Each unit is tested for smooth, free-running balance. 


Just another production detail that removes a potential source 

of vibration and needless wear . . . right at the source! Isn't 

that the kind of an engine you want on your equipment? 
y/ 


SALES CO, 
$10 ATUS BLOG., TULSA, ORLA, 
we, Tn, Tes 
ON FIELD DISTRIBUTOR Fee 
WISCONSIN ENGINES ANB 
GAL TYPES GF UTUITY emiTS 
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mechanical equipment required. Sey- 
eral other factors more or less inherent 
in the individual wells are of greater or 
lesser importance in the operations. We 
have mentioned the gas-oil ratio and the 
quantity of each being produced. At 
sufficiently high gas-oil ratios and vol- 
umes, steady flow will occur. This may 
be prevented by changes in the mechan- 
ical design, such as use of larger tubing, 
The size of the hole at the operating 
level seems to have an appreciable effect 
on operation. A small area of liquid sur- 
face, as in the unshot well bore, seems 
to produce short cycles and small pres- 
sure differences. A large area, as in the 
shot portion of the sand, seems to pro- 
duce long cycles and large pressure dif- 
ferences. The volume of the gas space 
above the liquid level also has a bearing 
on the behavior. 

A method has been worked out for 
computing the approximate volume of 
this space from the pressure and flow 
data and interesting data are being col- 
lected on the comparative values of the 
volume factor under different condi- 
tions. 

Conclusions. The number of vari- 
ables that will affect the behavior of a 
well flowing as described is quite large 
and would include the size, number, and 
position of orifices, and the rates of gas 
and oil production and their ratio, the 
size of the hole at the orifice level, and 
the volume of the gas space. In addi- 
tion the presence of water, the viscosity 
ef the oil, the built up or restored rock 
pressure, the depth, and numerous other 
factors would also enter into the cal- 
culation. Listing of the whole array was 
purposely delayed to this point in order 
that they should not frighten or cause 
dismay. 

Actually, most of them are of minor 
importance. This statement is based on 
the fact that, while the behavior of 
different wells varies greatly, we get 
flow under widely varying conditions. 
Our aim and goal is to discover what 
are the controlling factors, how to de- 
sign a simple equipment and so install 
it that the flow is automatic. 

The indications are that this can be 
dene. Given time and opportunity and 
the kind of assistance we have had, plus 
some experimentation and exchange of 
ideas on the part of other producers, we 
believe that the time is not far distant 
when a large portion of the air drive 
production can be flowed with consid- 
erable saving. Important saving should 

be achieved by the reduction of the 
ratio of gas input per barrel of oil pro- 
duced. 

While it is yet to be proved, it is ex- 
pected that a greater ultimate produc- 
tion can be obtained. 
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Set Thru 


CONTROL 
WATER 


Set the casing through 
the oil zone and cement the string solid. 
Then gun perforate the selected zones. 
The solid cement sheath assures lasting 
protection from water troubles, and pro- 
tects and supports the casing. 
















For Superior Results, Use a 
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Fundamental Procedures in Estimating Costs for Secondary 
Water Flood Recovery of Petroleum* 


ALUATION and cost estimates 
V:. the oil and gas industry are fun- 
damentally the establishment of a 
proper relationship between rates of 
production or recovery and total over- 
all quantitative values. It is possible for 
rates to be high and total quantities 
low, such as occur in primary produc- 
tion with low ultimate yields per unit 
of area. 

Prior to the initiation of secondary 
recovery operations, there are presented 
a set of conditions where rates are low 
and total quantitative measurements 
are large. This condition of rate versus 
total quantity is quickly changed after 
the commencement of a secondary re- 
covery project and the problem changes 
to one where rate of recovery is high 
with resulting rapid changes in the 
operating costs per barrel of oil recov- 
ered. 


Too frequently the proper relation- 
ship between variable production rates 
and changing costs is clouded, and is 
usually caused by too little considera- 
tion of the controlling factors. Such 
miscalculations have been common in 
the past few years with the extension of 
water flooding methods to fields in the 
Mid-Continent area, and ‘it is hoped 
that many of the fundamental factors 
outlined will prevent future economic 
failures in secondary water-flood opera- 
tions. 


Unit costs cannot be determined 
without extensive analysis of the many 


*Presented before board of direct 
Petroleum Association of America, 
vania, April 28, 1944. 
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Fig. 1. Topographic map, secondary recovery ‘'5"' spot 
program. Spacing: 330 ft. by 330 ft. w-w 
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By ARTHUR C. SIMMONS 
Consulting Petroleum Engineer 


factors involved and it is essential to 
include all costs rather than use quick 
comparisons with other historical data. 
Frequently development costs and 
operating costs are wholly independent 
of well depth and yields of oil or barrels 
per acre recovery. 


The detailed methods of cost analysis 
herein outlined apply to secondary re- 
covery generally but more specifically 
to water-flood operations. The writer 
does not possess sufficient data or ex- 
perience to include the analysis of costs 
for air and gas repressuring operations 
in any detailed manner. 

The total cost of producing oil by 
secondary methods must include all 
items which enter into the problem and 
for convenience can be subdivided into 
three major sections, as follows: 

1. Land or oil right cost, 

2. Development cost, and 

3. Operating cost. 

Each of these sections will be con- 
sidered separately. 

Land cost. The land or oil right cost 
is usually a predetermined fixed amount 
wherein the operator has only limited 
latitude in its determination. It may 
represent an existing lease or property 
or a recent acquisition. The acquisition 
of land or oil rights for secondary re- 
covery usually takes place by one of the 
following methods. 

(a) Money purchase, 

(b) Oil assignment for a specific 
monetary amount, and 

(c) Royalty assignment. 

Occasionally a combination of these 
methods is used in the acquisition of oil 


Fig. 2. Pumping power layout, secondary recovery ‘'5"’ spot 
program. Spacing: 330 ft. by 330 ft. w-w 
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rights for secondary recovery purposes, 
There are advantages to each method 
and no simple rule will suffice to satisfy 
the varied problems of the company of 
individual acquiring oil rights. 

With a fixed oil right cost per acre 
the cost per barrel is, of course, directly 
proportional to the oil recovery per 
acre. The only problem in a consider. 
ation of the oil right costs is whether 
sufficient data are available upon which 
an accurate estimate can be made of the 
probable oil recovery. Preliminary esti- 
mates of recovery are usually made on 
the basis of core information and cor- 
rect, accurate core interpretation in 
new areas is not yet the precision meth- 
od which it is hoped can be developed 
in the future. It should be emphasized, 
however, that the only available meth- 
od of sampling the producing horizon 
is with a series of core tests. 

Development costs. Development 
costs should include all facilities, tangi- 
ble, and intangible, necessary to place 
the five-spot flood project in opera- 
tion and are usually included as all 
drilling equipment, machinery, and in- 
stallation. The operator has considerable 
latitude in determining the develop- 
ment costs most suitable to each pro- 
ject. It is necessary to drill and com- 
plete a minimum number of wells but 
by varying the well spacing there is an 
opportunity to secure an optimum ip 
overall efficiency. 

Various operators view differently 
the importance of equipment items and 
types of installation and it should be 
emphasized that individual views and 
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A 100,000 TON REASO 


With incredible speed America built an air force 


. in quality the finest . . 
the world has ever known. 

Early in this global war it was painfully apparent 
that something else was needed to translate air 
force into air power. 

The world’s finest air forces flying the world’s 
finest war planes could not carry the battle to 
Rome, Berlin and Tokyo without speedily installed 
and highly mobile air-bases from which to operate 
—always within fighting range of the retreating 
enemy. 

In a little more than one month after Pearl 
Harbor, Butler factories began producing pierced 
steel landing mat. Shortly thereafter Gen. H. H. 
Arnold, head of the Army Air Corps, called it “the 
year’s greatest achievement in aviation.” 


. in number the greatest 


WHY BUTLER BUILDINGS 
ARE IN SHORT SUPPLY 


Since then a hundred thousand tons of steel have 
streamed into Butler factories to be made into steel 
landing mat. Sailors and soldiers have laid millions 
and millions of feet of it into airfield landing strips 
around the globe. 

This is but one reason why Butler-Built Steel 
Buildings are in short supply. Other thousands of 
tons of steel are still leaving Butler factories in the 
shape of combat hangars, truck and trailer tank 
refueling units, task force steel buildings, machine 
shops, supply depots, aviation gasoline storage tanks, 
and other equipment designed to make airfields as 
mobile as a circus. Address all inquiries to: 

7474 E. 13th Street, Kansas City 3, Mo. 
974 6th Ave. S. E., Minneapolis 14, Minn. 


BUTLER MANUFACTURING COMPANY 
Galesburg, Ill. KANSAS CITY 3, MO. Minneapolis 14, Minn. 
°ales Offices in Principal Cities 


BUTLER:<s:BUILT 


Va a 
‘iow nae Bin \Po= 
% w & STEEL BUILDINGS «* « x 


THE PETROLEUM ENGINEER, Reference Annual, 1944 137 























Co > - . 






es a mo S 


Fig. 3. Oil-gas-water line layout, secondary recovery 


‘5’ spot program. Spacing: 330 ft. by 330 ft. w-w 


beliefs are in no way criticized. 

In determining types of equipment 
and installation practices, the develop- 
ment costs must be correlated with 
future operating costs, for it is prob- 
able that many development costs have 
been reduced to an uneconomic limit 
that at a later date increases the operat- 
ing cost due to greater maintenance 
and replacement. A slightly high de- 
velopment cost is perhaps a desirable 
fault in that repairs and replacements 
may be reduced to 2 minimum over the 
operating life of the project. 

Carelessly planned projects usually 
result in too high development costs 
and possibly also in too high operating 
costs, whereas carefully planned pro- 
jects should result in a desirable de- 
velopment and operating cost. 

Many items in development costs are 
proportional with depth, and other 
items are proportional to horsepower 
requirements per acre and quantities of 
fluid handled. Various approaches can 
be made in itemizing or segregating a 
development budget. 





In the Bradford field it is a general 
custom to subdivide the budget into 
two groups: Wells and other equip- 
ment. The custom has also developed 
into making separate tabulations for 
average water intake well costs and 
average oil well costs. 

The following description of a five- 
spot development project in the Brad- 
ford area is not intended to represent 
average costs current in the Bradford 
field but merely to be illustrative of 
projects as carried out in the Bradford 
field, which can be modified to apply 
to any water flood project in any other 
field. 

Fig. 1 is a plat of a five-spot project 
using a well spacing of 330 ft. by 330 
ft. (water to water). The project used 
in this illustration includes 50 acres 
and necessitates the drilling of 30 
water intake wells and 20 five-spot pro- 
ducing wells. For the sake of clarity 
numbers have been omitted from the 
wells but in practice all development 
projects include a system of well num- 
bering which suits a particular condi- 
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Fig. 4. Water pumping cost, power only 
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tion. The regular pattern of wells that 
are to be drilled is obvious and the 
irregularly spaced wells that are in- 
cluded on this plat, with an abandoned 
symbol, represent the primary drilling. 

Land subdivisions in Pennsylvania 
are extremely irregular and the regular- 
ity of well spacing common to section- 
alized land is unknown in eastern oil 
fields. The primary drilling took place 
on what is sometimes referred to as a 
“buckshot” pattern and, due to the 
irregular position of the primary wells, 
it is not possible to utilize efficiently 
these wells in terms of a patterned or 
symmetrical redrilling program. 

It is a general custom in the Bradford 
field to abandon and plug all primary 
producing wells upon initiation of a 
secondary five-spot project. This cus- 
tom is not universal as a few operators 
prefer to reequip the old primary wells 
and use these wells as producers during 
the secondary operation. 


Fig. 1 is included to show the ex- 
treme topography current in eastern oil 
field operations and to emphasize the 
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value and advantage in preparing topo- 
graphical maps previous to secondary 
development. It is possible with a topo- 
graphic map to compute accurately the 
average depth to the producing sand; 
to plan and arrange pipe lines for 
gravity drainage; to limit the installa- 
tion to the required minimum amount 
of casing, and to plan for the most 
efficient installation of pumps, powers, 
roads, and other surface installations. 

The initial preparation of a topo- 
graphic map is by no means a universal 
custom but it is possible that such a 
map would in many instances repay the 
cost several times. The topography as 
shown on Fig. 1 is particularly unsuited 
to a central power installation for the 
rod lines will require too many hold 
downs and hold ups for an efficient 
operation, 

A central power installation is shown 
on Fig. 2 and the rod line layout from 
the power to the 20 five-spot wells that 
are to be pumped. 

In recent years the use of individual 
electrically operated pumping jacks has 
become more general in the Bradford 
field. A layout of primary and second- 
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ary electric lines and the costs of in- 
dividual pumping jacks can be arranged 
in the same manner as the arrangement 
shown which includes a central pump- 
ing power. 

Fig. 3 is an illustrated layout show- 
ing the installation of oil, gas, and 
water lines. In the early days of five- 
spot operations in the Bradford field, 
it was customary to bury the water 
lines 24 to 36-in. in depth and install 
the oil and gas lines on the surface. In 
recent years it has become customary 
to bury all pipe lines at various depths. 
If the pipe lines are to be buried, a 
simplified layout should be arranged, 
as it is feasible to combine many of 
these lines in a single ditch thereby 
lessening the overall installation cost. 
In the illustration as shown the lines 
are arranged separately for purposes of 
clarity. 

Water intake well costs. Table 1 
is a tabulation of the various items that 
are to be included in the cost of an 
average water intake well. The average 
well illustrated is 1830 ft. deep; re- 
quires 400 ft. of surface casing and is 
equipped with a hook wall packer. The 
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Fig. 8 


cost as shown is higher than generally 
current in the Bradford field due prin- 
cipally to the custom of removing the 
surface casing after the well has been 
tubed. This would eliminate $260 and 
the cost applicable to each well would 
then represent only the deterioration on 
a string of casing that would be used 
during drilling and removed after com- 
pletion. 

In Table 1 there is an item of water 
well tubing representing 1755 ft. ‘of 
2-in 4.6-lb. seamless tubing at a unit 
cost of 24 cents. Most operators, previ- 
ous to the war, used 1!4-in. seamless 
line pipe in water intake wells at an 
average cost of 13 to 15 cents. Present 
limitations on the availability of seam- 
less pipe have necessitated the use of 
much continuous weld pipe which, in 
2-in. size, is available at 12 to 15 cents 
per ft. Other items in Table 1 are reas- 
onably similar to current costs in the 
Bradford field. A schedule of this type 
should be prepared for any new flood 
development. 

Oil well costs. Table 2 illustrates 
the average cost of an oil well for the 
project under consideration, and it is 
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Atthe No. 1 Ada C. Price Well of the 
Mhillips Petroleum Co., the World's 
Record was broken earlier this year. 
Wilson (DIAMOND Chain-equipped) 
tig again demonstrated the merits of 
American-built oil field machinery 
ond the reserve strength and endur- 
ance of the DIAMOND Roller Chain 
Drives. Drilling proceeded without 
delay or mechanical troubles; the 
till pipe load was lifted in third 
peed with ease. DIAMOND CHAIN 
& MFG. CO., 441 Kentucky Avenue, 
hdianapolis 7, Indiana. Tulsa Office: 
2238 Terwilliger Blvd. 
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DIAMOND Roller Chain Transmission on the Wilson (700 h.p.) 
Titan Model Power Rig used on the No. 1 Ada C. Price Well. 









































































Table 2 shows that the average oil well cluded in the summarized development 

TABLE | costs $3,016.35, or a difference between cost at $7500 for the 50-acre Project, 

Development budget—average water the average oil well cost and the aver- Few operators include an expenditure 

well cost age water well cost of only $85.40. In of $150 per acre for coring and sampl- 

. 7 practice, the difference in oil and water ing although a practice is currently in 

| oo | oe well cost is greater due largely to vogue that involves the chip sampling 

Coiea, Skin | Goh | O0ctiin-i7s 60.00 economies effected in the water well of many or all water and oil wells, 

Casing oon, iso ft ie 64-in Js-tb. 260.00 cost and it is probable that average which increases total development 

Water meter, ; water well costs are approximately costs by $300 to $600 per acre, A 

= gydanalh e 50.00 $500 less than the average oil well costs. better arrangement would _ include 

ow OS — Summary of development costs. pg sae sampling as the first item on 

y= 25.00 In Table 3 there are summarized a total a deve opment budget for it is essential 

tion 25.00 of all development costs for the 50-acre to obtain first certain factual informa. 

ean. - oe ats as nee 38 project. Water well and oil well costs tion about the producing sand. Fre. 

eed Pe — have been separately described and are quently coring of an oil sand is 3 

Cementing..... 25.00 included in this table as multiples of method of getting information where. 

‘ies. 100.00 their unit cost. In addition to the oil by operating troubles and problems can 

$2030.95 and water wells it is er to — «te et pte pan as though 

umping equipment, oil lines, gas lines, actice W require coring 

; J, : sae lines, water pressure plant, and previous to any development, and core 

believed that the costs outlined in this various other items. Future develop- wells located and completed previous 
aaa a0 as goer uatagy Aaneh maga ments, particularly in other areas, do to any other well completions. 

day Br: ae $. e items in- hte e s : a; ; 
cluded are pr in the completion ee pec l The summarized development sche- 


dule indicates a total development cost 


of all oil wells in the Bradford field and Table 3 f $4.116.71 Thi 
F , of $4, .71 per acre. is amount is 


only minor variations could be made 


° e - ~ “ > ~} y re ‘ 2ULT i- 
in this arrangement of costs depending When producing wells in a new proj 











oar Cc > > , ° 
on the average depth. In Table 1 the ect ste ~aaill be — — “er TABLE 3 
) > 2 > 4 > 4 
average water well costs $2,930.95 and Ajit: algae ss siaion = ae a Devel +t budaet F 
pumping equipment. Producing oil evelopment budget—summary o 
wells that are to be flowed are fre- development cost 
TABLE 2 quently completed in a manner similar a a 
D | + budaet il T . : Units Unit Total 
evelopment budget—average oil we to the water intake wells, and the flow- cost | cost 
cost ing “ a producing wells ma- Water wells ae 30 $2,930.95 /$ 87,928.50 
terially lowers both development and ul wells..... 20) 3,016.35) 60,327.00 
Units Unit Grade or Total 4 S P Pumping power. . 1 9,000.00 
pion sine cost operating costs. Rod lines 12,380, 0.25, 3,005.00 
ad ; i Pumping jacks 20 100.00 2,000.00 
Casing, 84%4-in.| 60 ft.) 90c 8'4-in.-17-lb.$ 54.00 [he water supply system is included Oil lines il os ee 
Casing, 6'4- 400 ft. 65c¢ 614-in.-13-lb. 260.00 . : . 2-in. ee 6,9% 0.3 425. 
Tubing. 1880 ft} 202 “im 4b, 366.00 in the summarization table at $3000 Gas lines 
Tubing pump 1 50.00 - « a aac F 2-in... ; .. 5,500 0.25 1,925.00 
ar wn gl hg and it should be emphasized that an i... eos, | s| | 
Polish rod and adequate water supply system is seldom Water lines % 
fittings 10.00 . . ae : 2-in. *% 7,400 0.45, 3,300.00 
Stuffingbox. 5.00 inexpensive and varies in cost from an iin... en 2,100 0.60 1,260.00 
Casinghead 7.50 amount less than shown to difficult con- Stock tanks. . tee 3) 800.00 — 
Miscellaneous ‘agp Separator hades 1 400: 
fittings 20.00 ditions where a system costs several Vapor recovery system 1 1,000.00 
Clearing loca- é = Boiler and house. . 1 2,000.00 
rn 25 00 times the amount included. A tractor Water pressure plant 1 1oo0049 
Grading loca- F : es 7 igs “ ae. a ‘ater supply system.... 3,000. 
— —e and a lease truck and other service Grae 4,000.00 
Drilling 1830 ft. 90¢ 1647.00 equipment may not be required for Tools tool house... . 2,500.00 
Shooting 125 qt. $ 1.55 193.75 ‘ ae” pg Engineering and survey- 
Cleaning out each project, as it is possible that such _. RED 1,000.00 
cost.........| 3 days |$25.00 75.00 . . . “ Coring and sampling. 7,500.00 
Labor and equipment is available on adjacent or 
ki : $205,835.40 
trusting _1.@ nearby projects. 
3016 ee . : Total devel ont cost acre..... 4,116.71 
$3016.35 Coring and sampling have been ‘n- otal development cost per acre t 
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To make wells more profitable for customers has been 
our program for 24 years. 


As a result, any well equipped with a JENSEN Unit 
is likely to be more satisfactory, more dependable. 


Instead of advertising JENSEN mechanical features, 
we prefer to have you talk with owners about JENSEN 
performance. What you find out will make you money. | 
Meantime, see the Composite Catalog and write us for 


Bulletin No. 27. 


BROTHERS MFG. CO. 
Coffeyville, Kansas, U.S. A. 


Export Office: 50 CHURCH STREET, NEW YORK CITY 


PUMP WATER 
THE PEERLESS WAY 


a 












PEERLESS-DESIGNED PEERLESS-ENGINEERED 


PEERLESS-INSTALLED PEERLESS-SERVICED 


Tailored 
to your 
needs 5 





220,000 
G.P.M. 


PEERLESS PUMP DIVISION—Food Machinery Corporation 
1250 Camden Ave., S.W. Canton 6, 0.; 301 W. Ave. 26, Los Angeles 31, Cal. 
OTHER FACTORIES: Fresno 16, San Jose 5, California 
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PATTIN’S 100 and 50 H. P. 
COMPRESSORS... Super- 


Powered For Supreme Performance 





100 H. P. COMPRESSOR 


The outstanding features of this 100 H. P., direct driven, 


4-cycle, single acting, center crank type, fully enclosed com- 


pressor confirm Pattin's long reputation as builders of MORE 


POWERFUL, longer-lasting units. . . 


. Super-powered for any 


heavy, continuous compressor service—especially for building 


up rock pressure. Has Meister patented noiseless valves. Will 


run on lean air gas. Patented auxiliary part valve eliminates 


exhaust valve troubles. Main valves last indefinitely, under 


full load. High speed, gear driven governor. Bronze bearings. 


Combination splash and force feed lubrication. Automatic air 


starter. Entire unit self-contained—on one foundation. 





PATTIN'S NEW 50 H. P. COMPRESSOR 


Comparable to its 100 H. P. 
“Big Brother''—in top-quality 
materials, workmanship and ef- 
ficient performance features. Pat- 
tin's 50 H. P. Compressor will de- 
liver super-service on any air 
compressor job within its capac- 
ity... . Engine has large Timken 
roller bearings on crank shaft. 
Steel cross-head, fitted with ad- 
justable bronze bottom shoe. 
Self-adjusting metallic piston 
rod packing. Compressor has 
patented stainless steel valves— 
no springs—noiseless. . . . Write 
for complete specifications. 








ACME 
DRILLING 
JARS 


Both Rein welded 
type (Fig. 107, left) 
and Drilmor weldiless 
(see Composite Cata- 
log) wear longer per 
foot drilled. Made of 
selected jar steel, by 
craftsmen at their 
best, they meet every 
rigid test. 


ACME FISHING 
TOOL COMPANY 


PARKERSBURG, W. VA. 





PATTIN BROTHERS DIVISION 


OF ACME FISHING 


ifelels 


COMPANY 


MARIETTA, OHIO 


EXPORT OFFICE — 19 RECTOR ST 


NEW YORK (6), N 
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above current average costs in the Brad- 
ford field, which are believed to aver- 
age $2500 to $3500 per acre. 

Adjoining property owners often 
divide the cost of completing and 
operating the water intake wells located 
on a common property line. In this 
illustration there occur 18 “line water 
wells” and the total development cost 
on the 50-acre project could be reduced 
as much as $27,000 with a division of 
the cost of the line or boundary water 
intake wells. 


The greatest single factor influenc- 
ing development costs is well spacing 


or well density. In the early days of 
five-spot flood operation in the Brad- 
ford field it was customary to space 
wells 225-250 ft., water to water, 
whereas atthe present time it is custo- 
mary to use a well spacing of 300-350 
ft., water to water. Many items in a de- 
velopment cost budget are directly pro- 
portional with well depth; however, a 
large number of items and a substantial 
portion of the total cost, is wholly in- 
dependent of well depth and is pro- 
portional to the required horsepower 
per acre, 


As an example, the pumping power 














EAVY oil- and cutting-filled drilling mud won't 
H “choke up” and clog Rex Pumps. Their “‘free- 
flow” intake passage assures an unobstructed flow of 















lhis cutaway view 
shows the famous 
Rex “free -flow’’ 
water passage. 
Arrows show the 
course of water , 
through pump. 
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liquid through the pump . . . permits handling of 
solids up to 14 the size of the intake. Liquids rush in 
and out of the pump faster, and lack of obstructions 
means more efficient pumping performance. 

On Rex Pumps, the suction valve works properly 
without adjustment or pampering. And it’s faced with 
oil-resisting Neoprene...for long trouble-free service. 

For complete information on Rex Pumps and other 
exclusive advantages such as the “Air Peeler” that 
permits Rex Pumps to operate even when the suction 
line is leaking air, send for your free copy of the in- 
formative folder, Bulletin No. 434. Chain Belt Com- 
pany, 1719 West Bruce Street, Milwaukee 4, Wis. 





installation outlined in the illustration 
is budgeted at $9000 and will serve 29 
producing oil wells at a depth of 1709. 
1800-ft. The same pumping power and 
same cost would be required in an are, 
where the wells are one-third this depth 
but which produce three times as much 
fluid per day as the average producing 
well in the Bradford field. 

The pressure plant cost could be re- 
duced to a cost per horsepower and ma 
have no relationship with well depth. It 
is a certainty that oil, gas and water 
lines, tanks, etc., will cost proportion- 
ately to the fluid transmitted rather 
than wel! depth. A careful measurement 
of development costs per acre is fre- 
quently obscured by a disproportionate 
size of some of the facilities. It is unfair 
to charge a single operation with the 
entire cost of a water pressure plant or 
supply system which will ultimately 
serve a larger area. 


Development costs can be safely 
projected provided there is available 
sufficient information with respect to 
the specific conditions. Individual 
items of equipment should be carefully 
selected to serve a particular situation, 
for major replacements in the early life 
of a flood add a burden to the total cost, 
and in many instances replacements 
cannot be made in the later stages of 
the flood operation. 


Operating costs. Various methods 
of accounting procedures include differ- 
ent items in operating costs. The com- 
mon term “lifting cost” used extens- 
ively in the oil industry is extremely 
misleading and relatively meaningless 
unless properly defined. In this analysis 
the term “operating cost” is used, and 
at least from the standpoint of engi- 
neering estimates, the term “operating 
cost” should include every item of di- 
rect and indirect cost. 


The operating cost per barrel is 
always an interesting statistical fact, 
but in preparing estimates of operat- 
ing costs, and projecting these estimates 
into the future, it is fallacious to make 
such estimates on the basis of an oper- 
ating cost per barrel, without a careful 
analysis and projection of such costs 
with respect to time. Too frequently 
operating costs are quoted, discussed, 
and estimated on a per barrel basis, and 
in many instances the operating cost of 
a secondary water-flood project is some 
constant per year entirely independent 
of the barrels of oil recovered. 


Secondary five-spot operations afe 
always expensive and the high cost of 
operating such a project is largely due 
to labor, power, or fuel requirements 
and maintenance. The labor cost is ex 
tremely variable, so much so in fact 
that it has been largely ignored in this 
discussion, but labor costs can usually 
be projected on a straight line basis at 
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You already know how indispensable 
Utility Electric Power is for the opera- 
tion of small power equipment, appli- 
ances, and conveniences, which practic- 
ally have revolutionized working and 
living conditions within our lifetime. 
But do you recognize the fact that Util- 
ity Electric Power is just as important 
in the operation of big industrial equip- 
ment, too? Frankly, Utility Electric 
Power is doing a wonderful wartime job, 
in every phase of industry; particularly 
so in the petroleum industry. The 
world’s largest pipe line, thousands of 
pumping wells, giant refineries and bu- 
tadiene plants, and drilling rigs are op- 
erated by Utility Electric Power. You, 
too, may find it exceptionally efficient 
and economical for your wartime and 
peacetime operations. Investigate its 
many advantages by contacting your 
Utility Electric Power Company now! 


Photo at top: Shows 3-3750 transformers stepping 
down the high line voltage from 33,0000 volts to 
2400 volts for use in pump station on Big-Inch and 
Little Big-Inch lines. 


Photo at left: Shows 1-3750 KVA transformer located 
at pump station No. 4 near Hot Springs, Arkansas, 
served by 110,000 volt power line stepping down the 
voltage to 2400 volts for the motors on the Big-Inch 
Pipe Line. 
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a fixed amount per month, or per year, 
or per acre per year. It is a certainty that 
the labor cost of flood projects will be 
higher per month just previous to aban- 
donment when the lease is producing 25 
bbl. a day than it was some years previ- 
ous when the property was producing 
at a rate of 500 bbl. per day or any 
multiple of these amounts. The in- 
creased cost per barrel is tremendous.” 


Operating records. Good operat- 
ing records are essential for efficient 
control of any water-flood project and 
such records should include physical 
facts, such as, water injected, oil pro- 
duced, injection pressures, various 
maintenance operations, the usage of 
electricity, fuel oil, and supplies and 
complete financial records. The finan- 
cial records should be sufficiently sub- 
divided so that an accurate historical 
record is compiled of the cost of various 
items, such as, labor, fuel, water, pull- 
ing, maintenance, repairs, etc. Because 
cf rapidly changing relationships, it is 
desirable to arrange financial records to 
reflect the current period and an ac- 
cumulated record of all operations to 
date. 


Water supply costs. Water supply 
and injection costs represent a substan- 
tial portion of the total operating cost, 
and water supply and injection costs 
are probably constant or reasonably 
constant throughout the life of the 
operation. Water costs are frequently 
hidden in general operating costs as it 
is difhcult to segregate varsous items of 
maintenance and labor and _ allocate 
such items to water costs. Conditions 
throughout the Bradford field are vari- 
able with respect to water costs and 
other flood projects show even more 
varied water costs than Bradford field 
operations. The direct cost considered 
in this discussion is power cost only, 
and an approximation will be made as 
to average total water costs in the Brad- 
ford area. 

Fig. 4 is a plot of power cost for 
pumping water at various operating 
pressures. The power cost has been com- 
puted in terms of electrical measure- 
ments as this is a more simple method 
of computation than that involving oil 
or gas engines. 

A large amount of purchased electric 
power is used in the Bradford oil field, 
but it should be distinctly understood 
that this discussion does not advocate 
the use of purchased electric power un- 
less in its overall aspects, such purchases 
represent the most economical form of 
power. The use of gas engines for power 
is most common where lease gas is avail- 
able and in many instances gas is purch- 
ased for the continued use of the gas 
engines after the lease gas has become 
insufficient or exhausted. 

It is believed that, in the Bradford 
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field, the lease gas available for water- 
flood operations will amount to 500,- 
000-1,000,000 cu. ft. per acre resulting 
in a value of $300-$600 per acre. These 
gas reserves are available on each prop- 
erty in the Bradford area, but in many 
other fields the gas reserves are entirely 
depleted at the start of water-flood 
operations and it is consequently neces- 
sary to purchase fuel or power from the 
start of operations. 

The chart (Fig. 4) is applicable only 
tor the conditions as shown, that is, 1 
cent per kw.-hr. electric cost; 85 per 
cent mechanical efficiency (pump) ; 95 
per cent mechanical efficiency (drive) ; 
85 per cent motor efficiency. These eff- 
ciencies result in an overall wire-water 
ethciency of 68.64 per cent. 

It is interesting to observe that at 
450-lb. pump discharge pressure the 
power cost is $0.002 per bbl. whereas at 
1600-lb. pump discharge pressure the 
power cost is slightly over $0.007 per 
bbl. It is a generally accepted precept in 
the Bradford field that the maximum 
permissable pressure is the most efficient 
in terms of oil recovery but it should 
be realized that such increased operat- 
ing pressures increase materially the 
total operating cost. 

Fig. 5 is an amplification of Fig. 4, 
wherein pump discharge pressure is 
plotted zgainst power cost in dollars per 
acre per year for various rates of water 
injection from 10 to 70 bbl. per acre 
per day. Water injection rates are par- 
tially independent of oil recoveries and 
this chart includes power costs only, to 
which must be added the many other 
costs to determine the total water in- 
jection cost. 

At an injection pressure of 750 |b. 
and an injection rate of 20 bbl. per acre 
per day, the annual power cost per acre 
is approximately $25, and at‘an injec- 
tion pressure of 1500 lb. and an injec- 
tion rate of 30 bbl. per acre per day, the 
annual power cost is approximately 
$75 per acre. 

Water supply and treating costs in 
the Bradford field vary from a mini- 
mum of $0.001-$0.002 per bbl. under 
favorable conditions to a maximum of 
$0.020 per bbl. under conditions of ad- 
vers: supply. It is probable that total 
water costs in the Bradford area aver- 
age $0.015-$0.03 per bbl. for high pres- 
sure water. If the power cost is $75 per 
year, and this represents only one-third 
of the total cost, then water injection 
costs will total $225 per acre per year 
or $2250 per acre over a 10-year period. 
This cost may be strictly independent 
of the oil recovery obtained. Water 
costs and nearly all other costs should 
be projected into the future on a per 
acre, per month, or per year basis. 

Relationship of production rates 


and costs. It was originally planned to 





include actual historical costs on a few 
properties, but upon inspection and 
study, these costs were so irregular and 
varied that it appeared more desirable 
to establish the theoretical relationship, 
from which costs can be estimated and 
projected for any development. There 
exists a general relationship that operat. 
ing costs are relatively constant with 
time and the production rates change 
in conformance with some type of de- 
cline curve. 

Bradford field decline curves are 
varied and irregular dependent upon 
spacing, pressure, shooting, permea- 
bility, and other factors, but many 
Bradford field decline curves adhere to 
a generalized pattern. The decline 
curves that will be shown represent 
three properties of different size, owned 
by different operators, and separated 
many miles from each other. The three 
curves have been plotted both in arith- 
metical and semi-logarithmic scale and 
the data have been arranged to show 
rate of oil production in terms of bar- 
rels per acre per day. 

Bradford field decline curves. 
Fig. 6 is an arithmetical plot of a de- 
cline curve for property “A.” This 
property reached a peak production of 
6.5 bbl. per acre per day and in 6% 
years had produced a gross recovery of 
4800 bbl. per acre and had a producing 
rate of 0.5 bbl. per acre per day. Fig. 7 
is a plot of the same data on semi- 
logarithmic scale. All Bradford field de- 
cline curves have a tendency to show a 
straight line decline trend with semi- 
logarithmic plot. The straight line trend 
does not continue for the later years but 
may be interpreted as another straight 
line trend with a change in slope. The 
primary decline trend during the first 
four years of operation is at the rate of 
approximately 41, per cent per month. 

Fig. 8 is the arithmetical plot of pro- 
duction data from property “B.” This 
property reached a peak production of 
9.0 bbl. per acre per day and has yielded 
a gross recovery of 6000 bbl. per acre, 
and is currently producing at the rate 
of 0.7 bbl. per acre per day. The same 
data are included on Fig. 9 as a semi- 
logarithmic plot. The primary decline 
trend during the first 4 years of opera- 
tion is approximately 41/4 per cent de- 
cline per month. 

Fig. 10 is the arithmetical plot of 
production data from property “C.” 
This property reached a peak produc- 
tion of 6.5 bbl. per acre per day and has 
produced a gross recovery of 6100 bbl. 
per acre, and is currently producing at 
the rate of 0.42 bbl. per acre per day. 
Fig. 11 is the semi-logarithmic plot of 
production data from property “C.” 
The primary decline trend over a siX- 
year period is at the rate of approxi- 
mately 334 per cent per month. 
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Chapman List 960 lets you repack under full 
pressure because the pressure is not transmitted to the stem. That's 
why packing lasts longer, operation is easier. 


Another reason for Chapman's longer service record is that its seats 
and plugs are made tough. And for applications where wear is 
particularly severe, Chapman can superharden these parts 
to meet the conditions. 


This sturdy valve is available in sizes from 14” to 2” 
for all pressures up to 800 Ib. at 750° F. or up 
to 1500 lb. cold working pressure... 
with inside or outside rising stem. 


St The CHAPMAN VALVE MFG. CO. 


INDIAN ORCHARD, MASS. 


CHAPMAN 
LIST 960 
Packs in more 


Service! 
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DOUBLE SAFETY 


APPROVED BY 
U. S. BUREAU OF MINES 
UNDERWRITERS’ LABORATORIES 


—for use in atmospheres con- 
taining Methane or natural gas, 
gasoline or petroleum vapors. 


This double-safety lantern has 
a tamper-proof reflec- 
tor and cover with lock- 
ing device and seals. 
Throws 1500 ft. beam. 
Instantly ejects broken 
bulbs from battery cir- 
cuit. Large handle — 
360° pivoting feature 
gives direct illumina- 
tion where needed and 
leaves both hands free 
for work. 


Now at Supply Stores 


ECONOMY ELECTRIC LANTERN CO. 
MILWAUKEE 8, WIS. 


3300 W. CHERRY ST. 
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Automatic 
In Action. 


Comes Ready 
To Use. 





Safe and 
Certain 


"'The 

Entirely 
Different Boiler 
and Engine Treatment" 


Invaluable in maintaining peak loads, 
lessening shut-downs, lengthening equip- 
ment life and reducing fuel consumption. 


AMERICAN SAND-BANUM 
COMPANY, Inc. 
9 Rockefeller Plaza, New York City 20 
Stocks carried by 
WESTERN SAND-BANUM COMPANY 


Houston, Texas 
and at other convenient points including 
leading supply houses 
Export Representatives 


PETROLEUM MACHINERY CORP. 
30 Rockefeller Plaza New York City 20 
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Producing rates of 8-10 bbl. per acre 
per day were fairly common in the 
Bradford area on properties yielding 
5000-7000 bbl. per acre recovery. 
Lower recovery properties attain peak 
or maximum producing rates of 4-8 
bbl. per acre per day. In the Mid-Con- 
tinent area producing rates of 10-20 
bbl. per acre per day, at peak produc- 
tion, have been obtained on the more 
favorable projects and lower “‘peaks” 
on the lower yield areas. One unusual 
flocd project attained a peak or maxi- 
mum production of 30 bbl. per acre 
per day. 

It is dithcult to obtain good produc- 
tion decline curves in any area for the 
reason that subsequent increments of 
development usually obscure the true 
decline trend. Many decline curves have 
a broad, flat peak, leading to the belief 
that such a characteristic is common 
in the production of oil by secondary 
recovery methods. The broad, flat peak 
frequently encountered is caused by 
time lag intervals in attaining peak 
production of the various wells, and it 
should be definitely understood that 
each well in a secondary water-flood 
project has a definite producing rate or 
decline curve that may be approximat- 
ed and calculated from core informa- 
tion. It is essential to realize the gen- 
eral preducing rate characteristics of 
any project to understand and estimate 
future operating costs. 


Production and cost curve. The 
relationship of operating cost and rate 
of oil production is shown on Fig. 12 for 
a specific decline curve and an assumed 
Operating cost per month curve. The 
ordinate on this chart is expressed in 
terms of index numbers and is intended 
to show only a ratio relationship. Curve 
2 is an idealized production decline 
curve for the Bradford field. Curve 1 
is a theoretical projection of operating 
costs and is based on a presumption that 
the operating cost per month will 
double over a five-year period and for 
the second or last 5 years of operation 
will remain constant in terms of dol- 
lars per month, 


In terms of the index numbers, this 
curve is started at 75 and increased in 
60 months to 150, or 0.75 to 1.5. For 
many projects, the shape of Curve 1 will 
be different than shown, but it is a cer- 
tainty that this curve cannot be more 
favorable than level or constant per 
month. It is probable that the operating 
cost per month will rise in the first few 
years of operation and then maintain a 
constant or nearly constant rate for the 
balance of the producing period. 

Curve 3 is a plot of operating cost 
per barrel for the conditions established 
by curves 1 and 2. The significant part 
of this curve is that at the end of 10 
years the operating cost per barrel will 
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be 37 times the minimum. It should }. 
obvious that if the minimum cost js 
yielding only a small profit it will }, 
only a short time before the project jg 
unprofitable and uneconomical due to 
the constantly increasing costs per bar. 
rel of oil produced. 


Curve 4 represents an accumulated 
average cost by dividing the accumy. 
lated total cost by the accumulated 
total production. This curve indicates 
that the average cost over a ten-year 
period is at least 6 times the minimum 
cost. To avoid confusion, it should be 
emphasized that ‘this curve does not 
represent specific costs except for the 
assumed conditions for which it wa 
constructed. 


All five-spot water flood operations 
will have similar cost-production rate 
characteristics, and it would be advis- 
able on any new project to estimate and 
project specific values for curves 1 and 
2 so that curves 3 and 4 can be comput- 
ed. Too frequently, the margin of profit 
during peak production is low and esti- 
mates of this type would quickly show 
the total costs to be such that the pro- 
ject is doomed to be unprofitable. 


Conclusions. Those water-flood 
operating projects which have been un- 
profitable or which may become 
profitable may be segregated into 
groups: 





(a) Low oil recoveries, 

(b) Low unit prices, and 

(c) High operating costs. 

It is, of course, never possible to pro- 
vide, with any degree of certainty, 
against failure of business enterprises 
but with adequate investigation and 
preparation of thorough estimates it is 
hoped that future water-flood opera- 
tions, particularly in the Mid-Cont- 
nent area, will attain a higher ratio of 
financial success. Advance estimates of 
oil recovery can only be made through 
core analysis and core analysis interpre- 
tations are definitely improving so that 
more accurate estimates of recoverable 
oil are now being made. 

Little or nothing can be said with re- 
spect to future oil prices except that 
prices in the oil industry have not been 
favorable for many years, therefore it 
becomes ingreasingly important to esti- 
mate accurately the oil recovery and 
future operating costs. 

It is hoped that this discussion 0 
operating costs on secondary watef- 
flood operations will dispel many of the 
previous illusions wherein operating 
costs were estimated and allied t 
closely with the oil recovery. Operating 
cost on all secondary water-flood opet#- 
tions should be estimated and proj 
into the future on a per acre-per mon 
or per year basis. 
www —— 
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Exclusive licensees for marketing the Hayward Method of log- 





ging wells as a service under the following patents: METHOD 
OF LOGGING WELLS (Continuous Logging): Argentina, Pat. 
- No. 49,987; Venezuela, Pat. No. 2,065; Holland, Pat. No. 91,- 
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Role of Connate Water in Secondary Recovery of Oil* 


By PARKE A. DICKEY, Forest Oil Corporation, and 
ROBERT B. BOSSLER, Brundred Oil Corporation 


N recent years laboratory work has 
led to a much better understand- 
ing of the principles of oil-reservoir 
performance. The general principles of 
the expulsion of oil from sandstone by 
gas or water were developed by geolo- 
gists of the Second Geological Survey 
of Pennsylvania in the 1870's’ but only 
recently has the merchanism of gas or 
water drive been intensively investigat- 
ed. Most published articles have applied 
the facts established in the laboratory 
to the primary production of oil from 
flush fields. This paper is not based on 
any new observations, but is an attempt 
to apply some of the conclusions ob- 
tained in the laboratory and described 
in the literature to recovery of oil from 
depleted pools by secondary methods. 
One of the most important factors 
that determine whether or not a second- 
ary-recovery operation is economically 
successful is the ratio of injected fluid 
to oil recovered. This ratio may be ex- 
pressed as the overall or cumulative gas- 
oil ratio if gas is the driving medium, 
or water-oil ratio if water is the driving 
medium. Recent theoretical and ex- 
perimental work has shown that the 
relative amounts of gas, oil, or water 
that are flowing in a sand at a given 
point by reason of a pressure difference 
depend on the saturation of the three 
phases in the sand at that point. It has 
long been recognized that a sufficient oil 
saturation is a requisite to secondary- 
recovery operations. It has not, how- 
ever, been sufficiently emphasized that 
the gas and water saturations are equ- 
ally important in determining the over- 
all gas or water-oil ratios of the opera- 
tion. A small variation in the gas or 
water saturation of a sand may determ- 
ine whether water or gas can be used 
most efficiently as the driving medium. 
Steady-state flow of fluids 
through sand. It has been shown re- 
peatedly that most producing oil 
sands contain appreciable quantities of 
connate water. The first laboratory 
determination of the oil content of a 
sample of oil sand known to the auth- 
ors was by Charles R. Fettke™ in 1926. 
He found as much as 40 per cent water 
present with the oil, and although he 
believed, probably correctly, that much 
of the water may have entered the sand 
during drilling, he was the first to point 
out that there was no reason to assume 
that an oil sand was originally 100 per 
cent saturated with oil. The signifi- 
cance of the presence of water in an 
oil sand was not generally appreciated 





“Presented before American Institute of Mining and 
Metallurgical Engineers, New York City, February, 1943 
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until more than 10 years later. 

Schilthuis® expresses the opinion that 
in most places the reservoir rock is com- 
pletely wet with water and does not 
contact oil or gas directly. Under 
certain circumstances it appears pos- 
sible that oil may be in contact with 
the solid phase. All normal producing 
sands, however, contain water, oil, and 
gas, and it is generally conceded that 
the water is present in the finer pore 
spaces, at the junction of grains, and 
probably wets a large proportion of the 
internal surface of the reservoir. 

The presence of this water, and its 
position, has a very important effect on 
the expulsion of oil by either gas or 
water. It would be expected that the 
mechanism of the removal of oil from 
a sand of which the internal surface was 
entirely wet with oil might differ 
greatly from the removal of oil from 
a sand of which most of the internal 
surface was wet with water. It is seri- 
ously questioned whether the results of 
laboratory work on samples 100 per 
cent saturated with oil can be applied 
to a field where the sand contains ap- 
preciable amounts of connate water. 
For example, in the rapid removal of oil 
from an oil-wet sand by water drive in 
the laboratory, the water would remain 
in the larger pores while oil would re- 
main in the smaller ones and on the 
grain surfaces. This condition would be 
exactly the reverse of that believed to 
exist in most producing sands. Con- 
clusions on the behavior of such a test 
sample would not apply to field condi- 
tions. 

Wyckoff and Botset* showed, in 
1936, that when a gas and a liquid were 
flowing simultaneously through a sand, 
the permeability to gas decreased as the 
liquid saturation increased. Similarly, 
the permeability to the liquid increased 
as the liquid saturation increased. Simi- 
lar experiments by others®*7 have 
checked the validity of this work. 

A curve showing the change in 
effective permeability with liquid satu- 
ration, as determined experimentally by 
Wyckoff and Botset, is shown in Fig. 1. 
These authors also showed that in 
steady-state flow the gas-liquid ratio 
is determined by the ratio of the viscosi- 
ties of the two phases, and the ratio of 
the effective permeabilities of the sand 
to them. This may be expressed: 

Vo Ro 

i 

Vi kitty 
Where: 

Vz = cc. per sec. gas at mean pres- 

sure, 


V: = cc. per sec. liquid, 

k, = effective permeability to gas, 

hk, = effective permeability to liquid, 

[tg = viscosity of gas, and 

uy = viscosity of liquid. 
Therefore, from the curves of Fig, 1, 
which give the effective permeabilities 
of the sand to the gas and liquid, and 
knowledge of the viscosities of the 
fluids, the steady-state gas-liquid ratio 
may be computed easily. 

To date only one study of the flow 
of all three phases—gas, oil, and water 
—has appeared.® This study by Leverett 
and Lewis, although exploratory in na- 
ture, provides some data showing how 
the fraction of each phase in the flowing 
stream changes with the saturation of 
that phase in the sand. 

Mechanism of fluid displacement. 
Buckley and Leverett® have investigat- 
ed mathematically the displacement of 
oil by water and gas on the basis of the 
permeability saturation relationships 
outlined in the foregoing paragraphs. 
They show that the fraction of the dis- 
placing fluid moving at any given point 
in the sand depends on the viscosity of 
the fluid and its relative saturation at 
that point. 

Take, for example, a point in an oil- 
rich sand that is being invaded by a 
water flood. Imagine that at this point 
the effect of the drive is beginning to 
be felt, but that the water has not yet 
reached the point. The oil saturation is 
high and the water saturation is low, so 
that more oil than water is moving 
under the effect of the drive. The mov- 
ing oil displaces the gas, occupying the 
spaces that the gas occupied. The effect 
of the flow of fluids ahead of the drive 
will thus be to increase the oil satura- 
tion greatly, increase the water satura- 
tion slightly, and reduce the gas satura- 
tion to nearly zero. A rich zone thus 
accumulates ahead of the water front, 


which is called a “bank” of oil. 


As the water reaches the given point, 
it displaces much of the oil and occu- 
pies the spaces formerly occupied by oil. 
This increases the water saturation of 
the sand, and therefore increases its 
permeability to water and decreases its 
permeability to oil: The proportion of 
oil in the flowing stream at the point 
thus decreases very rapidly, and con- 
tinues to decrease as the water satufa- 
tion of the sand increases. As the watet 
continues to flow through the sand it 
will not remove much oil. / 

The first stage, when the flowing 
stream is principally oil, was called by 
Buckley and Leverett the “initial” 
stage, and the later stage, when the 
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It’s amazing the power and speed that has been engineered 
into this extreme compact unit—but it is all there. Every bit 


of power and every pace in speed required to do a profit- 
able, satisfactory drilling job. 


From the moment you “give ’er the throttle” and feel the 
powerful engines leap into action; and experience the 
quick, positive, and safe action of the Vaca-Manual 
Drum Clutch Controls; and then see a full string of 
Pipe coming out of the hole at a speed never wit- 
nessed before — then, and only 
then will you appreciate the full 
value of the WILSON RIG. 
All this, of course, adds to one 
important advantage—BIG- 
GER DRILLING PROFITS 
for you. 


World's deepest well drilled with a Wil- 
son Power Rig—the Phillips No. 1, Mrs. 


On Ada Price, Pecos County, Texas 


ey 
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stream is mostly water, was called the 
“subordinate” stzge. During the initial 
stage the oil is expelled by a shoving or 
piston action, and during the subordi- 
nate stage it is expelled by a frictional 
or shearing action. In the subordinate 
stage, the drive is relatively ineffective, 
as only small amounts of oil will flow 
for large amounts of water. 

It seems probable that in actual 
secondary water-flooding operations 
virtually all the recoverable oil is re- 
moved during the initial stage. After 
the advancing water front reaches the 
producing well, the water-oil ratio is 
so high that only small and totally un- 
economic quantities of oil are produced. 
A well will continue to produce oil for 
a long time after the water has broken 
through, but this is because certain 
strata of low permeability are still pro- 
ducing oil although others may be pro- 
ducing mostly water. In a normal flood- 
ing operation in the Bradford field, the 
water production does not begin to in- 
crease until oil production has about 
reached its peak; thereafter, total liquid 
produced usually increases, the oil de- 
creasing and the water increasing be- 
cause of the now higher permeability of 
the sand to water. This indicates that 
when the effect of the flood has fully 
reached the producing well nearly all 
the individual strata, even of differing 
permeability, are prodycing oil only. 
The water front then reaches the well 
successively in the various strata in in- 
verse order of their permeability. Prob- 


Fig. 1 (below). Composite curve showing variation of rela- 
tive permeability with liquid saturation in unconsolidated 


sands 


Fig. 2 (right). Variation of gas-oil and water-oil ratios with 
saturation of gas, oil, and water in unconsolidated sands 


(From data of Leverett and Lewis*) 


(From Wyckoff and Botset*) 


ably no single stratum produces com- 
mercial oil and water simultaneously. 

These considerations suggest that in 
performing water-flooding tests on core 
samples (“flood pots”), only the oil re- 
covered by small throughputs of water 
should be considered recoverable. Con- 
tinued passage of water through the 
core under high pressure differentials 
will lead to the recovery of additional 
quantities of oil in the laboratory, 
which would be impossible to recover 
economically in the field. 

A similar sort of action takes place 
when gas is the invading fluid. Initially, 
if the sand is well saturated with oil, a 
bank of liquid is pushed ahead of the 
gas, because the sand is more permeable 
to oil than it is to gas. As the oil is dis- 
placed by the gas, the permeability to 
gas increases very rapidly, and when the 
sand contains as much as 20 per cent 
gas, the gas flow by volume is approxi- 
mately 20 times that of the oil.® This 
fact has given rise to the opinion, often 
expressed, that gas drives are funda- 
mentally less efficient than water drives. 

It should be remembered, however, 
that in most places it is uneconomical to 
attempt to recover oil by water drive 
after the initial or “bank” stage of dis- 
placement has passed, because large 
volumes of water must be handled to 
obtain relatively small quantities of oil. 
With gas as the displacing fluid, the 
initial stage is short-lived, and effects 
the recovery of only a small part of the 
oil even in the early life of a field, and 














it is never attained under secondary t¢. 
covery methods in partly depleted pools, 
However, the low cost and ease of han- 
dling makes it possible to drive from 
1000 to 5000 volumes of gas through 
the sand for each volume of oil recoy. 
ered, hence, under certain conditions, 
especially those of low oil and high 
water saturations, gas drives may be 
much more efficient economically than 
water drives in the recovery of oil. 
Evaluation of water-oil and gas. 
oil ratios from experimental data, 
Leverett and Lewis® investigated the 
flow of gas-oil-water mixtures through 
unconsolidated sands. Their obserya- 
tional data are tabulated in their paper, 
and the composition of the flowing 
stream at various saturations is given, 
From these data the gas-oil ratios and 
water-oil ratios of the flowing stream 
have been calculated. The approximate 
values of the gas-oil ratio are shown by 
the curved lines in Fig. 2a and the wat- 
er-oil ratio in Fig. 2b. These are trian- 
gular diagrams, the purpose of which is 
to represent saturation conditions ex- 
isting in the sands being investigated. 
In these diagrams a sand saturated 100 
per cent with gas would be plotted at 
the apex, while a sand saturated 100 per 
cent with water would fall in the lower 
left corner, and 100 per cent oil in the 
lower right corner. A sand saturated 
3314 per cent with each component 
would fall exactly in the center of the 
triangle. Every possible saturation will 
thus appear as a point in the diagram. 
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The gas-oil ratios and water-oil ratios 
calculated from the data cited hereto- 
fore were inserted in the triangular dia- 
grams alongside the point representing 
the condition of saturation existing 
when these ratios were observed in the 
flowing stream. The gas-oil ratios and 
water-oil ratios were then contoured 
by connecting points of equal value. 
Considerable irregularity in the values 
was noted, due in part to the use of oils 
of differing viscosity, and the contour 
lines are generalized and approximate. 


Both diagrams show that no oil flow- 
ed when the oil saturation was below 
about 15 per cent. This illustrates the 
well-known fact that the oil saturation 
cannot be reduced below a certain point 
by any mechanical means. In Fig. 2a, as 
the gas saturation increases (i.e., going 
upward) the gas-oil ratio increases geo- 
metrically. This is in line with other 
published data showing the change in 
gas-oil ratio with saturation (Krutter’s‘ 
Figs. 3 and 4). With increasing water 
saturation for any given oil saturation 
(following a line downward and to the 
left) the gas-oil ratio decreases. With a 
sand having saturation of 70 per cent 
gas and 30 per cent oil (no water) the 
gas-oil ratio is about 10,000, while with 
a saturation of 30 per cent oil, 20 per 
cent gas, and 50 per cent water the gas- 
oil ratio is about 5. At the former sat- 
uration gas-drive operation ‘would be 
uneconomical, but at the latter would 
be successful, although the oil satura- 
tion in each case is the same. 


The presence of water not only makes 
it economically possible to recover the 
oil, but it makes possible the ultimate 
recovery of a larger proportion of the 
oil originally in the reservoir. Krutter 
(Fig. 15 of ref. 7) shows that by gas 
drive the greatest recovery of oil, ex- 
pressed in terms of percentage of oil 
originally in the sand, occurs when the 
water content is about 30 per cent. 


The approximate range of saturations 
that may be economically driven with 
gas can be arrived at as follows. If the 
limiting economic gas-oil ratio is about 
3000 vol. of gas per volume of oil 
(17,000 cu. ft. per bbl.) , then, accord- 
ing to the data shown in Fig. 2a, sands 
containing more than 40 per cent oil 
with no water, or more than 20 per 
cent oil with 40 per cent water, can be 
driven with gas. At high water satura- 
tions the water-oil ratio becomes large. 
Since a water-oil ratio of about 10 vol. 
of water per volume of oil may be con- 
sidered an economic limit, water satura- 
tions of the order of 70 per cent form a 
limit in this direction. Combining the 
3000 gas-oil ratio line with the 10 wa- 
ter-oil line gives the limiting range of 
saturations for gas-drive operations as 
estimated from these data. 


The water-oil ratio in a water flood 


(Fig. 2b) is controlled similarly by the 
relative amounts of water and oil in 
the sand. For an oil saturation of 45 per 
cent and a water saturation of 55, the 
water-oil ratio is 1; that is, the flowing 
stream will consist of equal parts of oil 
and water. If the oil and water satura- 
tions are such that more water than oil 
will flow, it appears that the concentra- 
tion of oil to form a bank ahead of the 
flood cannot occur. The “initial” stage 
of displacement will be absent. 


Critical oil and water satura- 
tions. The foregoing reasoning, based 
on the published experimental data re- 
ferred to above, indicates that some 
depleted oil sands may be economically 
flooded by water drive, and that other 
sands may not be flooded by water drive 
but may be worked effectively by gas 
drive, depending on the oil and water 
saturations of the sands. Furthermore, 
a very small difference in the relative 
saturation of oil and water in a critical 
range may determine whether the initial 
stage of water-flooding will occur, and 
therefore whether water may be used 
economically as a flooding medium. 


For example, if a sand is more per- 
meable to water than to oil before 
flooding, the initial or bank stage cannot 
occur, and the subordinate stage, al- 
though it may recover appreciable quan- 
tities of oil, will be uneconomical. The 
existence of a critical oil and water sat- 
uration may be inferred from the data 
of Leverett and Lewis, and it appears 
to be in the neighborhood of equal quan- 
tities of oil and water. Its exact value 
cannot be determined from their work, 
and probably it is different in different 
sands; also, undoubtedly it will vary 
somewhat with several other factors. 


The viscosity of the oil enters directly 
into the equation determining the frac- 
tion of oil in the flowing stream and is 
important therefore in determining the 
critical saturations. It appears to be of 
much less importance than the oil-and- 
water saturations, which govern the ef- 
fective permeability geometrically. 
Thus doubling the viscosity of the oil 
should double the water-oil ratio, while 
a decrease in oil saturation of only about 
5 per cent would also double the water- 
oil ratio. 


Doubtless the effect of capillary pres- 
sure’? is also important. These pressures 
depend on the relationships of the inter- 
facial tensions of the three fluids and 
the solid phase and are affected by the 
original distribution of the phase wet- 
ting the solids. The capillary forces un- 
questionably are important in determin- 
ing the most advantageous rate of ad- 
vance of the water. If the removal of 
oil is due to a combination of the effects 
of hydraulic and capillary forces, the 
optimum rate is that at which the re- 
sultant of the forces brings about the 
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greatest recovery of oil. The question 
of whether oil or water predominantly 
wets the sand at the start of the flood 
cannot be neglected, certainly. For any 
given saturation of oil and water, it ap- 
pears likely that the effective permea- 
bility to oil may be different if the 
sand is oil wet or water wet. It is even 
possible that at low pressure differen- 
tials the permeability of the wetting 
phase is increased while at high pressure 
differentials the permeability of the 
non-wetting phase is increased. 


If the water saturation is so low that 
the oil of necessity wets a very large pro- 
portion of the solid surfaces, the resid- 
ual oil left after the water flood may 
be comparatively high. Hence, too low 
a water saturation, especially if accom- 
panied by a high gas saturation, may 
make water-flooding impracticable, as 
well as too high a water saturation. 


The porosity, dry permeability, and 
pore-size distribution undoubtedly af- 
fect the relative permeabilities of a sand 
to oil or water. Their effect is closely 
associated with the capillary phenomena 
mentioned above. The results of tests 
on an unconsolidated sand cannot be 
applied quantitatively to a highly con- 
solidated sand like Pennsylvania’s. 

There seems to be no reason why all 
these conditions, which determine the 
critical relative permeability of a sand 
to oil and water, cannot be investigated 
in the laboratory, and routine tests de- 
veloped to determine the possibility of 
recovering oil by water-flooding. It 
seems probable that the effects of vis- 
cosity and capillary phenomena are of 
a much smaller order of magnitude than 
the effects of actual percentage of pore 
space occupied by oil and water, at 
least in a normal water-wet sand. 


In secondary oil recovery by gas 
drive, the formation of the initial or 
bank stage is less important than with 
water drive. Consequently, it may be 
that there is no critical range of satura- 
tion wherein a small variation will make 
the difference between success and fail- 
ure: If gas is injected into a sand that 
has a gas saturation so high that most- 
ly gas will flow, the gas-oil ratios will 
be high and the operation will be un- 
economical. The gas-liquid ratio flow- 
ing depends on the relative amounts of 
gas and liquid in the sand, and it makes 
little difference whether the liquid in 
the sand be water or oil, at least for 
total liquid saturations greater than 40 
per cent. Thus, if the liquid consists of 
equal quantities of water and oil, ap- 
proximately equal quantities of water 
and oil will be moved through the sand. 
If the sand contained the same amount 
of oil, but no water, it would contain 
only one half as much liquid, and the 
gas-liquid ratio would be greatly in- 
creased. Thus, for a given amount of oil 
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in a sand, the amount of oil recovered 
by gas drive will be affected by the 


amount of water in the sand. 


Application to field operations. 
Even if the exact values of the critical 
saturations described could be deter- 
mined in the laboratory for any sand, 
the problem of obtaining representative 
core samples from a prospective field 
of operations would remain. Much prog- 
ress in the taking of cores has been made 
recently by the use of oil-base muds and 
pressure core barrels. It has become pos- 
sible to estimate the connate water of 
a sand with a very fair degree of ac- 
curacy by means of electric logs. For- 
tunately, the low pressures in most 
fields undergoing secondary recovery 
facilitate the recovery of representative 
cores. In testing a field for secondary- 
recovery operations, it might be well 
worth while to take a core in the sand 
using regular mud and then immediate- 
ly sidetrack the hole and take another 
using oil-base mud. One core would 
then give reliable oil saturations and the 
other reliable water saturations. In the 
Bradford field reliable cores are ob- 
tained regularly, probably because of 
the low horizontal and vertical perme- 
ability of the sand, which prevents 
flushing of the sand ahead of the bit. 
In looser sands, the problem is a good 
deal more difficult. 


Although this discussion admittedly 


is speculative, and is based largely on 
laboratory work on unconsolidated 
sands, which cannot be applied quanti- 
tatively to field operations, there is 
some evidence that critical water sat- 
urations exist and are important. 

In the Bradford field of Pennsylvania 
the average oil saturation is 40 per cent, 
and the average water saturation 30 per 
cent. Gas drives in this field have 
caused a much smaller and slower re- 
covery of oil than have water drives. 
The inefficiency of gas drives was due 
in part to the low permeability, which 
averages 10 millidarcys. Water drives 
have been notably successful in this 
pool. In certain sections of the pool, 
however, the water saturation is higher 
than the average. It has been found that 
if the water saturation exceeds about 40 
per cent, no “bank” is formed, and oil 
is produced at uneconomically high 
water-oil ratios. In one district, where 
the water saturation was about 60 and 
the oil saturation about 30 per cent, the 
initial water-oil ratio on flooding was 
about twenty to one. 

In the Venango fields of Pennsyl- 
vania the normal oil saturation ranges 
between 25 and 35 per cent, and the 
water saturation between 40 and 60 
per cent. In spite of very numerous at- 
tempts, no water-flood operation has 
been successful in these sands. In al- 
most every case the water came through 











Application of Job Design to Petroleum Production Operations 














The purposes of this paper are to explain what “job design” is, how it is done, 
and to present examples of its application to surface and subsurface maintenance 
and pumping activities of petroleum production. Job design is a phase of engineer- 
ing dealing primarily with the effective utilization of labor on the job. To the 
best of my knowledge the first application of this technique to petroleum produc- 
tion was made in the fall of 1939 at the invitation of the Phillips Petroleum Com- 
pany. 

Job design is also termed time and motion study, motion economy, and work 
simplification. The writer prefers the term job design because it seems to be the 
most descriptive of the several terms. While job design is new to petroleum pro- 
duction, it has been in use over a half century and is now accepted as an impor- 
tant tool for cost reduction in many industries. 


Since labor cost is one of the largest, if not the largest, items of cost in petro- 
leum production, an increase in the efficiency of labor utilization can result in 
important competitive advantage. In private industry three demands must be met. 
These are the demands of the owners for dividends, the consumer for better prod- 
ucts at lower prices, and the employee for higher wages for shorter hours. These 
demands must be met in a competitive enterprise. 

What is job design? To design is to protect and evaluate ideas. Job design 
consists of breaking the work of the job into definable and measurable elements, 
analyzing these elements for effectiveness in doing work and then reconstructing 
the job, using only effective elements in proper sequence so that the job can be 
performed in the shortest time with the least effort. 

Restated, job design consists of determining the essentials of the job and 
selecting effective elements of work for the accomplishment of the essentials. 
Methods are improved by: 

1. Eliminating unnecessary elements of work. 

2. Substituting effective for ineffective elements of work. 

3. The elimination of periods of enforced idleness. 


—From a paper by H. G. Thuesen, Department of Industrial Engineering, Oklahoma A. and 
M. College, at A.P.I. meeting May, 1944, Tulsa. 









































bringing very small and uneconomical 
quantities of oil. Gas driving, on the 
other hand, has been quite successfyl, 
Recoveries as high as 100 bbl. per acre. 
foot have been obtained, and 50 bbl. 
per acre-foot is obtained frequently, 
This amounts to a reduction in satura. 
tion of 5 to 8 per cent of the pore 
volume, which is remarkable consider. 
ing the low initial oil saturations. 

Districts in the Mid-Continent where 
water flooding failed because of high 
water saturations in the sand are known, 
and are mentioned by Horner.”? 

At other places, water-flooding has 
been attempted on the basis of an ail 
content, expressed in barrels per acre- 
foot, much higher than normal for the 
Bradford field. When expressed as sat- 
uration in percentage of pore volume, 
however, the oil saturations were lower 
than at Bradford, because of the high 
porosity of the sand, and the floods were 
failures. 
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Factors Influencing Well Spacing in Condensate Fields’ 


PACING of wells for condensate 

production rarely follows any of 
the patterns generally used in gas or oil 
fields. Each condensate pool has certain 
characteristics which, together with the 
development that has taken place up to 
the time additional wells are to be drill- 
ed, will control the location of the new 
wells. We generally think of spacing as 
defining the number of acres per well 
or the distance between wells. The pat- 
tern of spacing indicates whether the 
wells are drilled directly offsetting each 
other, diagonally or on some other reg- 
ular pattern. The term spacing as used 
in this summary refers only to the lo- 
cation of wells with respect to each 
other or to the structure in a general 
way as the ultimate allocation of acres 
per well may vary considerably and the 
pattern may not be regular or geomet- 
rically symmetrical in any way. 

The initial spacing problems faced 
in a condensate pool have to do with 
those exploratory wells drilled follow- 
ing the completion of the discovery 
well. These exploratory wells are drilled 
and spaced with the following objec- 
tives in mind: . 

1. To determine the upper and low- 
er limits of condensate production. The 
upper limit may be a fault, a lensing 
out of the pay or extreme diminution 
of porosity and permeability. The lower 
limit may be determined by water, oil, 
or another fault and rarely by the lens- 
ing out of the effective pay. 


2. To determine the size of the 
condensate pool. It is extremely im- 
portant that the size of the condensate 
pool be determined as early in its life 
as possible. The size will control to a 
certain extent the spacing of additional 
wells, will indicate the desirability of 
unitization, and whether or not a cy- 
cling plant should be installed. The size 
will also determine the reserves in place 
and permit the proper size plant to be 
designed. Experience indicates that wide 
spacing proves most economical on the 
average. 

3. To determine essential data on the 
reservoir such as net pay thickness, 
porosity, permeability, and interstitial 
water content as well as to provide 
sampling points for the determination 
of bottom hole pressure, dew point, 
composition, etc., either from bottom- 
hole separator samples so that the char- 
acter of reservoir fluids may be estab- 
lished. These data together with those 
obtained in No. 2 above can only be 


*Presented before American Petreleum Institute, 
Southwestern District Division of Production, Houston, 
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obtained by the drilling of wells. Sam- 
ples should be taken from all the orig- 
inal exploratory wells drilled. In some 
cases exploratory wells may be drilled 
only for the above purposes, within the 
proven limits of the field and such 
wells are so spaced: 


4. To provide suitable production or 
injection wells that will fit into the 
final pattern. 


5. To define the upper and lower 
limits of the liquid (oil) that may exist 
in the same pay zone. Reservoir forma- 
tion and fluid data should be obtained 
in those wells that encounter liquid as 
well as in the exploratory wells drilled 
for other reasons. 


Upon completion of the exploratory 
wells, consideration must be given to 
the spacing of additional producing or 
input wells as may be required to meet 
the market demand for liquid plant 
products or gas. The dew points deter- 
mined together with the compositions 
might at first glance indicate to the 
operator either that the gas exists at 
the dew point in the reservoir and there- 
fore liquid should exist in the same for- 
mation or that the gas is not subject to 
retrograde condensation and therefore 
no liquid should be encountered at the 
base of the sand. Neither conclusion 
should be considered final until the drill 
proves the existence or absence of oil. 
The discovery of a commercial oil de- 


posit at the lower edges or bottom of 
the condensate reservoir introduces 
spacing problems within the oil zone 
and in the offsetting condensate reser. 
voir that are complicated and difficult 
to solve. Existing cases definitely indj- 
cate that serious consideration to early 
studies for unitizing of such pools 
should be given. 

Varying conditions such as the pres- 
ence of or absence of oil, the quality or 
character of the reservoir gaseous fluid, 
and whether competitive or cooperative 
(unitization) operations will be follow- 
ed have a considerable bearing on the 
spacing of wells in condensate pools. 
The discussion of spacing is therefore 
separated under five general headings 
below, which will cover most condens- 
ate pools. 


1. Condensate pool with no 
liquid—not cycled. (a) Competitive 
operation introduces so many factors 
for pools under this heading that a dis- 
cussion of spacing would prove aca- 
demic and is therefore not attempted in 
the general. The specific case would re- 
quire individual study. 

(b) Cooperative or unitized opera- 
tion. The smaller condensate pools do 
not justify cycling; the size and cost 
is not sufficient to permit increased re- 
covery to pay for the installation. The 
spacing problem then resolves itself in 
the location of wells which in number 
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If you are connected with the drilling or production 
end of the oil business, there are certain facts about this 
important piece of equipment which should be in that 
portable “knowledge box” you carry around. First-time 
cementing success often depends upon the use of this 
unit, and it is always your best bet for a good, permanent 
cement job. 


All set? Get your pencil and open up that “knowledge 
box.” You score 80% by correctly answering 6 questions; 
85% for 7 answers; 90% for 8: 95% for 9: 100% for 10 right 
answers. Correct answers are at the bottom of the page, 
but check all questions before you look. 

1. This device is a: (a) Core Barrel [] (b) Baker Model K 
Cement Retainer CT (c) Baker Cement Wash-Down Whirler Float 
Shoe [7] (d) Cement Plug [] 

2. Arrow 1 indicates threads for attaching to: (a) Drill Pipe 0 
(b) Any specified casing [_} (c) Bottom of junk basket [7] (d) Any 
perforated liner [] 

3. Arrow 2 points to the: (a) Seamless steel shoe [_] (b) Alumi- 
num housing [] (c) Core barrel body [] (d) Case of magnesium 
alloy [|] 

4. The purpose of this Bakelite ball, Arrow 4, is to: (a) Seal off 
when pump pressure is applied [] (b) Disintegrate when contacted 
by cement slurry CT (c) Prevent reverse movement of slurry CT] 
(d) Prevent movement of slurry out of bottom hole 

5, The Valve Cage (Arrow 5) is made of: (a) Alloy steel [] 
(b) Vulcanized rubber CT (c) Aviation aluminum [] (d) Plastic 
formed from synthetic resins [“] 

6, This opening (5) insures: (a) downward whirling of cement 
slurry CT (b) Easy entry of oil CT (c) Large volume of reverse 
circulation a} (d) Speed in picking up junk CT 

7. Cement is used here (arrow 3) because: (a) It resists abra- 
sion when oil enters tubing [] (b) It has great strength, but is easily 
drilled out and circulated away C (c) It absorbs gas, thus reducing 
the gas /oil ratio [7] (d) It is harder than cast iron ["] 

8. This complete unit is often helpful in: (a) Taking better 
cores [] (b) Directional drilling [1] (c) Removing bridges while 
running casing in the hole [| (d) Locating water zones CT] 

9, For successful “first-time” cementing jobs, this unit should 
be used: (a) Only in wells over 10,000 feet deep [] (b) On casing 
up to 5-inch O.D. [7] (c) Where no water trouble is anticipated [] 
(d) For cementing practically every string of casing ["] 

10. You can secure full details on this product, and helpful 
suggestions on better cementing by: (a) Looking on Page 303 of 
the 1944 Composite Catalog [] (b) Contacting any Baker repre- 
sentative [1] (c) Writing to Box 127 Vernon Station, Los Angeles. 
California [7] (d) Securing a copy of the Baker 1944 Catalog [] 


TOOLS ,INC., 
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FIG.2 CYCLING ACROSS STRUCTURE 
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might be controlled by the capacity of 
the wells to produce, availability of a 
market for the gas, etc. The pattern on 
which these wells would be drilled would 
in turn be controlled by the availability 
of reserves taking into consideration the 
character and distribution of the res- 
ervoir formation and the expectancy of 
water encroachment or expansion drive. 

2. Condensate pools with no 
liquid—cycled. (a) Competitive op- 
eration of condensate pools with cy- 
cling exists. Spacing in these areas fol- 
lowed no general rule. 


The spacing of wells in the smaller 
pools becomes so closely related to eco- 
nomics that no general discussion seems 
appropriate. 

(b) Cooperative operation with cy- 
cling may be in the form of more than 
one unitized groups operating in the 
same pool. 

In the fully unitized and simpler 
type of structure producing wells would 
usually be located at the top or along 
one side of the structure. The input 
wells through which the dry gas is re- 
turned are in turn located at the edge 
of the structure or on the sides away or 
across from the producers. This gen- 
eral pattern allows for the maximum 
sweep out or invasion of the condensate 
containing formations by the dry gas. 
The presence of faults or formation 
pinch outs would modify the produc- 
ing structure and therefore the spac- 
ing of the wells. A typical example of 
cycling toward the center or top of the 
structure is shown in Fig. 1. Cycling 
across structure is shown in Fig. 2. It 
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will be noted that the wells are spaced 
with reference to capacity and invasion 
pattern. Full utilization of the explora- 
tory wells together with a few addi- 
tionally drilled wells may result in a 
somewhat mixed spacing or pattern as 
shown in Fig. 3. 

The presence of two or more coopera- 
tive cycling groups in the same pool 
would modify the spacing in accord- 
ance with the size and distribution of 


pay and therefore comparative esti. 
mated reserves, plant sizes and other 
factors. Trade outs of injection wells 
along lines similar to those made in re. 
pressuring of oil fields are possible, and 
may result in either a concentration of 
injection wells in one area with a scat. 
tering of the producing wells or the 
reversed pattern. 

Edge or watered wells near the edge 
of condensate can be utilized for cy. 
cling. Dry gas has been returned suc- 
cessfully to watered oil sand or to edge 
wells in oil fields. There should be no 
reason why this procedure will not be 
highly satisfactory in the spacing of in- 
put wells in condensate pools. The util- 
ization of edge wells drilled into water 
is now being tested in condensate pools, 
The results will be of considerable in- 
terest as, if successful, greater invasion 
can be secured and the wide spacing 
recommended during exploratory drill- 
ing to determine pool limits will not be 
penalized as many of the edge wells can 
be fully salvaged as input wells. 

3. Condensate fields with liquid 
—not cycled. The liquid or oil in the 
condensate reservoir may be sufficient 
to justify its own development pro- 
gram. The oil is considered as commer- 
cial for the purpose of the following 
discussions. 


(a) Competitive operation. The 
spacing of condensate wells in this type 
of field is controlled in part by the spac- 
ing of the oil wells. A concentration of 
condensate wells would result along the 
upper edge of the liquid saturation as 
a result of offset spacing to the oil wells 
when the liquid is down dip. In the case 
where the liquid underlies condensate 
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FIG.3 CYCLING —MIXED SPACING 
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FORGED STEEL BODIES 





The barrel shape of Sievers cutters and the angle at TYPE 4 CUTTER is used for reaming 
and bit stabilization in soft or sticky 
which they are mounted provides continuous contact formations. It can also be used for 


rock bit stot zatior n hord 


with 30%-35% of the circumference of the hole... 
far more than other types of reamers. This large cir- 
cumferential contact steadies the drill stem and resists 
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over a considerable area, the two types 
of oil and gas production are superim- 
posed and spacing problems would gen- 
erally be greater in number and more 
complex. 


The number and spacing of con- 
densate wells drilled within the con- 
densate area would then correspond to 
case 1-a with necessary modifications, 

(b) Cooperative operation. The oil 
operators may or may not be cooperat- 
ing or unitized with the condensate 
group. Wells would be spaced in the 
condensate pool following the general 
procedure as outlined in 4-b when unit- 
ized and as outlined in 1-b when com- 
peting. Possible variations in spacing 
could only be suggested for the particu- 
lar case. 

4. Condensate fields with liquid 
—cycled. (a) Competitive operations. 
Condensate fields in this class may pre- 
sent no spacing problem or some of the 
most interesting spacing layouts due to 
the additional factors introduced. Com- 
petitive operation may exist in the oil 
zone and in the condensate zone. All 
operators may not be cycling. If cy- 
cled, one or more plants may be op- 
erated. One or more operators may be 
selling gas from the separator. Spacing 
of wells is therefore greatly influenced 
by offset situations as well as by the 
normal condensate features. 

(b) Cooperative operation. A fully 
unitized operation of the condensate 
would indicate a reversal of the spac- 
ing discussed under 2-a where no com- 
mercial oil co-existed with the condens- 
ate. Input wells would normally be lo- 








panies is listed. 


water disposal association. 





| A Method of Handling Sait Water Disposal 


Salt water disposal has become one of the important integral parts of oil and gas 
production. The evolution of salt water disposal is traced from the early beginnings 
of oil production in the Mid-Continent to the present date. 

Designs of various types of salt water disposal systems now in use are briefly 
outlined. Statistical data covering the partial operations of eight producing com- 


The complete report covers an initial investment of $4,204,965.86 for 256 
systems, an operating cost of $1,213,253.05 for 86 systems that include 387.58 miles 
of pipe line made up of 151.31 miles of cement asbestos pipe, 27.83 miles of cement 
asbestos and cement lined pipe, 44.38 miles of cement lined and steel pipe, 7.30 
miles of cement asbestos and fiber pipe, 18.77 miles of fiber pipe, 78.23 miles of 
cement asbestos and steel pipe, 31.31 miles of steel pipe, 25.75 miles of cement 
asbestos, fiber, and cement lined steel pipe, 2.2 miles of cement lined steel pipe, and 
steel and .5 miles of cement asbestos, cement lined steel and steel pipe. 

The statistical data also reveal the cost per barrel and the rate of injection for 
the various types of treatment, and complete articles of agreement for the salt 


—Abstract of paper by H. H. Elliston and W. B. Davis, 
A.P.I. meeting, May 25, 1944, Tulsa, Oklahoma. 














cated at the top of the structure. Pro- 
ducing wells would be located at the 
oil-gas contact or slightly above same. 
This situation is shown in Fig. 4. Upper 
edge oil wells could be dually*completed 
for condensate and oil production or 
converted to condensate producers as 
they became gassy. 

5. Limestone condensate reser- 
voirs. These may present relatively 
different spacing problems. Spacing in 
limestone should take into considera- 
tion: (a) acre feet of available pay, 
(b) maintaining availability of the pay, 
and (c) the practicability of cycling. 
Massive limestone or dolomite with 
small pores and low permeability is us- 
ually commercial only when fractured. 
The degree of fracturing and the de- 
gree of intercommunication through the 
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saturated limestone established by the 
fracturing controls the amount of avail- 
able pay. Maintaining this pay as avail- 
able may require continued reduction 
in pressure so the condensate in the 
tighter portions of the limestone will 
continue to expand into the more per- 
meable streaks and thus be made avail 
able. Cycling would possibly not be ben- 
eficial in this type of pay. However, in- 
itial cycling followed by expansios 
later may prove economical. These and! 
related problems make spacing of cons 
densate wells in fractured limestone 
problem somewhat different to the sp: 
ing problem in sandstone reservoirs. 


Spacing problems in intergran 
limestone reservoirs may be exactly sim 
ilar to those in sandstone reservoif 
Fitting and Bulnes* have pointed out 
that intergranular limestones may not 
behave like sands in the lower ranges) 
of porosity and permeability. 

The final spacing and pattern wo 
be controlled in part by the explorate 
wells already available.and aid in loca 
ing additional wells may be obtained 
by electrolytic or potentiometric modé, 
surveys, by theoretical studies, or by 
inspection taking into cqnsideration the 
capacity desired. The desired prod 
tion or input capacity cannot be met 
in tight formation in retrograde con 
densate pools by a minimum number of 
wells. The condensate will drop out if 
the formation reducing its effective 
permeability to gas. The effect has been: 
large enough to reduce gas flow, as the? 
wells are opened up, to a fraction of 
the flow on smaller chokes and higher 
pressures. 

Spacing problems in condensate pro- 
duction have to date varied from 
to field. No general spacing rules ¢ 
be set up as spacing is an integral paf 
of the program and not subject to sep 
arate economic rules. 

“An Introductory Discussion of the Reservoit 


formance of Limestone Reservoirs,” R. U. Fitting, 
and A. C. Bulnes, A.I.M.E., Houston, Texas, May 
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Victory things you don’t 
see from the road 


.-. @ well drilling in the valley ... new tubing in 

a tree-hidden oil well ...a Pipe line going down 

J&L in the back country ... tubular products made 

OUNTRY of Controlled Quality Steel, the name Jones & 
c Laughlin on every length .. . the pride 
pucTs and confidence of men who work with 
superior equipment from supply stores 


Joint Drill a made <i pipe rendering superior service. 
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EXCLUSIVE DISTRIBUTORS EAST OF THE ROCKIES 


JONES & LAUGHLIN SUPPLY COMPANY 


formerly 


Frick-Reid Supply Corporation 





TULSA, OKLAHOMA 
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NEW LIFE FOR OLD PIPE 
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ITH war-scarce steel . . . even for 

V V urgent need... old lines must be 
taken up, salvaged and re-located to serve 
the war’s demand. Now, re-located, com- 
pletely reconditioned and protected with 
Barrett Coal-Tar Enamels, the pipe shown 
above has been given a new lease on life, 
is ready for long years of service. 

Each year, more and more engineers 
depend on Barrett Coal-Tar Enamels to 
protect the ~.ital oil and gas arteries that 
span the continent over mountains and 





Cities Service Gas Company. Coal-Tar Enamels 


plains, through forests and swamp lands. 
Barrett Coal-Tar Enamels now protect 
more than fifty thousand miles of America’s 
pipeline systems. 

Barrett Enamels not only answer the 
need forsuperior resistance to corrosion from 
soil acidsand alkalis,and 
from electrolysis, but 
also meet requirements 
for speedy applica- 
tion, in all weathers —at 
the lowest possible cost. 


2=_-aome.es | a2 o-oo © & - 8 oe 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


COAL-TAR 
ENAMEL 





FIELD SERVICE—Our Pipeline Service Department and staff of Field Service men are 
equipped to provide both technical and on-the-job assistance in the use of Barrett Enamel. 
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Operation and Maintenance of a Crude 
Oil Pipe Line Without Spare Units* 


By JOHN G. NORTON, Chief Mechanical Engineer 
Magnolia Pipe Line Company 


HIS paper will cover only the most 

important features that contribute 
to the successful operation and main- 
tenance of the line under discussion. It 
is hoped that in the “Discussion” and 
“Quiz Period,” following the reading 
of this paper, that the detailed methods 
of maintenance and operation will be 
fully discussed so that all of us will 
benefit from the ideas and suggestions 
brought forth. The following line data 
and station equipment is given in order 
to present a clear understanding of the 
problems involved in the operation and 
maintenance of this 10-in. line. 

Line data. The line extends from 
Patoka, Illinois, to Lima, Ohio, a dis- 
tance of 300.93 miles. The elevation at 
Patoka station is 480 ft. and at Lima, 
Ohio, terminal 865 ft. The pipe is 1034 
in. O. D. by 4 in. in wall thickness. The 
stations are hydraulically balanced. Pa- 
toka station, hereinafter called No. 1, 
has sufficient storage capacity for our 
operating conditions. At the centrally 
located station on the line, called No. 
5, we have one 80,000-bbl. tank. These 
two stations are the only stations that 
have tanks. The Lima, Ohio, terminal 
has ample storage to meet the line re- 
quirements. Our district office and the 
dispatchers are located at Danville, In- 
diana, near the center of the line. 

The company has its own telephone 
system; however, it is not located on the 
pipe line right-of-way, but laterals in 
from commercial system lines. We have, 
at most stations, another connection to 
a commercial system for emergencies. 


Equipment. No. 1 Station: Two 
13%-in. by 17Y4-in., 415-hp. at 360 
t.p.m., 5-cylinder, 4-cycle, solid-injec- 
tion diesel engines. Each engine is direct 
connected through “step-up” gears to 
one 6-in., 4-stage, 3200 r.p.m., centrifu- 
gal pump. Fortunately just prior to our 
country’s entrance into the war, we 
were able to make up a unit that gives 
Us a spare unit at this station, namely, 
413Y%-in. by 1714-in., 375-hp. at 327 
‘pm, 5-cylinder, 4-cycle, solid-injec- 
tion engine direct connected through a 

step-up” gear to a 6-in., 4-stage, 3600- 
“p.m. centrifugal pump. 

Stations 2, 3, and 4 have the same 
make of engines and pumps as Station 
No. 1, but have only 2 units each. 

Stations 5 to 8 inclusive have the fol- 
Owing equipment in each station: Two 
12/-in. by 13-in., 405-hp. at 450 r.p. 
m., 6-cylinder, 4-cycle, solid-injection 
_ “Presented before The American Society of Mechan- 


ical Engineers, Oil and Gas Power Division, Tulsa, Okla- 
homa, May 8-10, 1944. : , 


diesel engines. Each engine is direct con- 
nected through “step-up” gears, to one 
8-in., 4-stage, 2900-r.p.m., centrifugal 
pump. There are no spare units in any 
of these stations. Each station, 1 to 8 in- 
clusive, has a 15-kw. d-c, generator di- 
rect connected toa 23-hp. diesel engine, 
which is used for lights, etc., when the 
main units are out of service. 

All the engines on this system use 
centrifuged crude from the line for fuel 
and all engines are equipped with the 
Bosch fuel injection system. The small 
auxiliary engines also use centrifuged 
crude as fuel. The engines are equipped 
with hydraulic governors of the con- 
stant speed regulation type, manually 
operated. The engine circulating water 
system is the enclosed type, and cooling 
is maintained by the use of suction type 
single pass heat exchangers. The heat- 
ing for the station is obtained from ex- 
haust heat boilers, which supply steam 
for suspended type unit heaters. 

The line and engines are equipped 
with all the necessary safety and emer- 
gency apparatus. Each engine is equip- 
ped with pyrometers. 

The main line centrifugal pumps op- 
erate in series. Each pump has a shut off 
pressure of over 400 Ib. per sq. in. Each 
pump is equipped with mechanical 
seals. The centrifugal circulating water 
pumps are chain belt driven from the 
engine extension shaft, and each pump 
has a capacity large enough to cool both 
engines in each station. Each engine 
has a surge tank, which is double con- 
nected making each cooling system 
available for double duty if the occa- 
sion arises. Each engine has a chain belt 
driven 15-kw. d-c. generator for sta- 
tion lighting and other auxiliary uses. 

The “step-up” gears, or speed in- 
creasers, on the system are from three 
different manufacturers. Last year we 
installed at Station No. 5 in a separate 
building a booster unit consisting of a 
2-stage centrifugal pump good for 1880 
bbl. per hr. at 100-lb. pressure. This 
pump is V-belted to a 96-hp. engine 
that uses crude as fuel. 

Design and demand. This line was 
designed and constructed in 1939 for 
37,000 bbl. of crude per day at 650 Ib. 
gauge pressure to meet our. required 
demands. When the line was designed 
the equipment selected could very easily 
meet all conditions of transportation 
with a very low load factor; therefore, 
we did not see any necessity in install- 
ing a spare unit in each station. 

The source of the crude supply from 
1939 to 1941 was principally from the 
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Salem, Illinois, field, but since that time 
the major portion of the line’s crude 
supply has come from Mid-Continent 
areas. The crude is a mixture of many 
crudes and runs about 0.830 sp. gr. and 
has a viscosity of 60 S.U.S. at 60°F. 

Since 1941 this line has been stepped 
up in capacity to meet both the war ef- 
fort and refinery demands and for the 
past 3 years has averaged a minimum of 
41,500 bbl. per day at line pressures 
from 700 to 750 Ib. per sq. in. 

Operation and dispatching. The 
successful operation of any line and sta- 
tion, designed for series operation with- 
out storage at the stations, depends ab- 
solutely on the control and supervision 
maintained by the dispatchers. 

It readily can be seen from the infor- 
mation previously furnished in the gen- 
eral outline, that this line is very flex- 
ible, and with an 8-station set-up, dis- 
placements of approximately 28,500, 
31,000, 36,000, 42,000, and 45,000 bbl. 
per day can be made with maximum 
pressures used with various unit and 
station combinations. Capacities rang- 
ing between those just mentioned can 
be obtained at other pressure points. 

Our dispatchers operate each and 
every pump, engine, and station on the 
differential pressure and horsepower 
limit basis from predetermined rules 
and formulae. Actual line flow, differ- 
ential pressures, and engine r.p.m. are 
checked each hour with the formulae 
and instructions. Each station and its 
units are controlled so that no unit is 
overloaded or abused. In other words, 
we have set the maximum load limit for 
each unit or units in order to obtain 
the best throughput for the line with- 
out causing any mechanical failures 
from poor operation and supervision. 
On this particular type of line design, 
the dispatchers must be very alert and 
efficient, if each station in the series 
chain is to do its whole part in obtain- 
ing the maximum throughput for the 
working pressures used. Our dispatch- 
ers on this line have been given the nec- 
essary authority, without interference, 
for the successful operation of the sys- 
tem and are responsible for its entire 
operation in the movement of crude, 
and to date its performance reflects their 
good supervision. 

Maintaining line efficiency by a 
planned scraper program. In order to 
get the maximum throughput to meet 
our refinery and terminal demands, a 
scrapper program has been worked out. 

We have recording thermometers at 
three points on this system, namely, at 
stations No. 1, No. 5, and the Lima 
terminal; With the use of the heat ex- 
changers on the suction to the pumps at 
each station, a 1°F. drop is maintained 
from Patoka, Illinois, to Lima, Ohio. 
The weather records show that the av- 
erage winter temperature in the Central 
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Illinois area is much higher than at the 
terminus of the line at Lima, Ohio. 

We transport a mixture of crude that 
contains a high percentage of paraffin 
and wax, and because we have but one 
tank along the line, which is at Station 
No. 5, we are compelled in cold months 
to operate scrapers frequently. 

During the months of June, July, 
August, and September, it is only nec- 
essary to pass a scraper through the line 
the first and last month of this period. 

“In the three coldest months January, 
February, and March, the temperature 
of the crude in the line averages from 
38° to 42° F. and during this period 
scrapers are run approximately once a 
week from stations No. 1 to 5 and twice 
a week from station No. 5 to the Lima 
terminal. The capacity drop in bbls. per 
day is approximately twice as much 
from station No. 5 to the terminal as 
from station No. 1 to 5. 

The scraper program is so arranged 
that when the scraper from station No. 
1 arrives at station No. 5, the capacity 
drop from stations No. 5 to the terminal 
is at about one half of its maximum ca- 
pacity drop. 

A daily continuous graph is made by 
the district superintendent and the chief 
dispatcher showing the actual line op- 
erating capacity condition and from 
this graph they know exactly when to 
put the scrapers in the line. 

Scrapers are put in the line after the 
capacity has dropped approximately 5 
per cent from the maximum through- 
put of a clean line for that particular 
time of the year. 

During the coldest months of the 
year the line from stations Nos. 1 to 5 
average about 150 to 200 bbl. per day 
drop in capacity. The line from station 
No. 5 to the terminal averages for this 
same period 200 to 325 bbl. per day 
drop in capacity. It requires about four 
days and five hours for a scraper to 
travel the 300 miles of line. Each sta- 
tion prior to the arrival of a scraper is 
shut down and the valve to the station 
suction header, the heat exchangers, 
and the pumps, is closed so that no par- 
affin, etc., will get into the heat exchang- 
ers and pumps. Scrapers are taken out at 
every second station and another one 
is already in the outgoing scraper trap 
to be started out as soon as the incom- 
ing scraper arrives; this is done to save 
shut down time. The scrapers are kept 
in A-1 mechanical condition and always 
travel at their rated speed. 

To compensate for some of the ,ca- 
pacity drop between station No. 5 to the 
terminal, we have installed a suction 
pump driven by a diesel engine that 
gives the No. 1 main pump 80 to 100 
lb. suction pressure. While this suction 
unit is in operation we have a station 
discharge pressure of 800 lb. and we 
evenly distribute this 100-lb. boost be- 
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tween stations Nos. 5, 6, and 7. 

Operating and maintenance per- 
sonnel. Each station has a chief en- 
gineer, three engineers, and a yardman. 

The engineer’s duties keep him inside 
the station at all times. All outside work 
is done by the yardman or extra men. 

We have one district machinist and 
two other machinists under his super- 
vision, each of these two machinists 
cares for the maintenance of four sta- 
tions. Extra help is furnished the ma- 
chinists from the connection gang. The 
machinists supervise all the repair and 
inspection work. 

The station engineers, beside their 
routine duties, do the exhaust and inlet 
valve grinding and minor maintenance. 

The chief engineer, as a rule, takes 
care of all valve and tappet adjust- 
ments, and spray valve and fuel pump 
testing. This class of work requires spe- 
cial experience and good judgment. 

All major imspections, maintenance 
and repairs pertaining to connecting 
rods, bearings, pistons, rings, crank- 
shaft inspections, and major adjust- 
ments are performed under the super- 
vision of the district machinist or ma- 
chinists. They likewise take care of the 
maintenance of the pumps, speed in- 
creasers, and all auxiliary equipment. 
Close cooperation is practiced between 
the chief engineer and the machinists 
and all work procedures are thoroughly 
planned before any work is done. 

All regular maintenance and inspec- 
tions are carried out on a planned sched- 
ule at a set time. The work is so arrang- 
ed that we try to coordinate several 
jobs at various stations so that the dis- 
patchers can take care of their line 
movements by setting up the desired 
station and unit pumping combination 
that will attain the best line efficiency. 

The maintenance, repair, inspection, 
experimental, and all policies pertain- 
ing to this program are under the direct 
supervision of the mechanical depart- 
ment at Dallas and are put in effect 
through the district machinist and dis- 
trict superintendent of the line. 

Maintenance policy. All stations 
are equipped with the best possible se- 
lection of tools, special apparatus for 
routine maintenance, and all essential 
material so that all classes of work can 
be readily performed at each station. 
However, since we do not have a spare 
unit in our stations, and as the line is 
operated near its maximum capacity, 
we keep a very adequate supply of re- 
paired parts and spare parts on hand to 
meet any emergency that may present 
itself. We prefer to change parts or 
make repairs when they first show signs 
of giving trouble and parts are replaced 
at once instead of using the policy of 
getting more out of a part. 

Maintenance program: Exhaust, 
inlet, and spray valves. We have 


three extra heads at each station for one 
make of engine and we grind valves gy 
these engines every six weeks. We gring 
the valves on one engine on T: 

and on the other engine the follow; 
Thursday. On the other make of enging 
we carry six extra valve cages and yal 
and grind valves on these engines ey, 
eight weeks. We grind valves on q 
engine Tuesday; on the other Thu 

It requires about six to eight hours of 
shut down time to grind valves on on 
make of engine and about four hour 
of time on the other make of engine, 

All spray valves and fuel deliver; 
valves are checked, cleaned, tested, of 
adjusted during the exhaust and inle 
valve grinding period. The cylinder lin. 
ers are inspected and records are made 
each time the valves are ground. 

Crankshaft and main bearing in- 
spection. From past experience and in- 
spection data on record our plan is to 
make our crankshaft and main bearing 
inspections every two years. In nearly 
five years of operation we have never 
had a bearing failure on any of our en- 
gines. We have had bearings which have 
been flaked, but these were repaired. 

Piston, ring, and liner inspection 
and maintenance. Close daily and 
monthly checks are kept of our lubmi- 
cating oil consumption and blowby in- 
dications, and the pistons are pulled 
when our lubricating oil consumption 
falls below 1000 hp.-hr. per gal. We 
do pull pistons for inspection when ex 
cessive blowby or some particular res 
son exists that necessitates this work, 
and we do not hesitate to do this after 
consultations between the chief en- 
gineer of the station and the machinist, 

All engines on this system have been 
in service long enough so that we now 
have definite plans as to ring procedure 
and maintenance. We have kept accu- 
rate reports on all pistons, rings, 
liners on every engine and we know the 
best combinations to use to suit the en- 
gine requirements. 

Two-piece rings are used on tapered 
and out of round liners. Chromium 
plated rings are used for special condi- 
tions. We also use various combins- 
tions of oil cutter, scraper drain, and 
beveled and grooved oil rings to suit 
the cylinder wear conditions. 

Indicator program. After evefy 
valve grinding, each engine is indicated 
(by pull card method) and the com 
pression and firing pressures reco: 
before and after adjustments and ree 
ords are made of these readings.’ The 
machinist does all engine indicatiol 
and makes out the necessary reports 
The chief engineer also records thes 
pressures in the station daily lo 
Whenever an engine has a cylinder | 
spray valve that is not consistent in 1 
operation, we immediately indicate 
cylinder in question to find the t 
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Pipe Dream 


New Efficiency. The portable pipeline 
is the supply officer’s dream, It cuts down 
road traffic, is much less vulnerable than a 
string of trucks. 

A 100-lb. bomb must hit within four 
feet of an above-ground length of pipe to 
put it out of operation, If it does, pressure 
gauges locate the rupture, pumping sta- 
tions stop the flow, and repairs can be 
made in a few minutes. 

Most important, the line can usually be 
laid faster than an embattled army can 
advance. Last week in mountainous south- 
ern Italy, where regular fuel transport 
would have bogged down, Army pipeline 
engineers were impatiently waiting for 
Cassino to be taken so they could extend 
their system northward. 
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We find from experience that firing 
pressures equal or higher than those rec- 
ommended by the manufacturer have to 
be maintained for our load conditions. 
The machinist makes all the necessary 
injection point adjustments. They are 
subject to call at all hours in case a 
chief engineer requires engine indica- 
tion or other assistance. 

Fuel system and spray valves. | 
will state that all the engines are equip- 
ped with the Bosch fuel injection sys- 
tem and with crude oil used for fuel, it 
is absolutely necessary that the fuel be 
clean for good operation. 

Line crude is warmed in the cold pe- 
riods, and after being centrifuged, it 


is pumped to an outside, overhead, 250- 
bbl. capacity, conical type bottom fuel 
tank. The fuel is drawn from this tank 
from a point above the conical bottom 
to two elevated 100-gal. day tanks in 
the station, The fuel from these day 
tanks is pumped by a small rotary pump 
through duplex filters to the engine 
manifold and the fuel not consumed by 
the engine returns to the elevated day 
tanks. We have found that a small 
pressure must be maintained on the 
engine fuel manifold and that with the 
constant circulation of the fuel back 
to the day tanks we eliminate gas pock- 
et formations. By this method the fuel 
is continuously filtered. In order to 
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Longer Life and Lower Maintenance for 
Tanks and Exposed Metal Construction 


*® Retry Paints fight corrosion on storage tanks and all metal 
construction exposed to the air, or for use under ground or under 
water. These tough, durable coatings add years of life to such 
construction, and keep maintenance costs down. 
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check the condition and operation of 
our crude oil centrifuge, we hand-cen. 
trifuge a sample of the inlet and outle 
crude each day and in this way elimi. 
nate the possibility of dirty fuel. W, 
steam out our fuel lines and fuel tanks 
every two years. 

Pyrometer hourly readings are re. 
corded in the station log. Whenever any 
particular cylinder will not remain con- 
sistent with the others or whenever the 
exhaust shows hazy conditions, even for 
a 15-minute period, the engineer must 
locate this trouble and make the nec. 
essary spray valve or fuel pump inspec- 
tion or corrections. 

Our engineers realize the importance 
of this procedure and carry out in every 
way the instructions issued. 

All “lapping in” work on spray 
valves and fuel injection pumps is done 
by the machinists. Sufficient spare spray 
valves and injection pumps are carried 
at each station to meet our operating 
maintenance requirements. 

Lubrication. Centrifuges and Full- 
er’s earth type filters are used to clean 
the lubricating oil. Each engine is equip- 
ped with a large size filter with attach- 
ed heater. A “refill” is used for an ay- 
erage of 27 days before it must be re- 
newed, this being governed by the con- 
dition of the engine. The centrifuge op- 
erates alternately every four hours on 
the engines and we use the separator 
principle of operation in order to check 
for possible water leaks to the engine 
crankcase. Naturally, the filters do most 
of the cleaning, but using the cen- 
trifuge in conjunction with the filters 
gives added protection to the unit. 

The cost of cleaning our lubricating 
oil is approximately 50 cents per day 
per engine. The filters and centrifuge 
take out about 714 Ib. of carbon, etc., 
each day per engine. The use of the filt- 
ers definitely has helped. to: eliminate 
some of the varnish deposits on the pis- 
tons and liners, which helps to prevent 
scuffing and furring. We find that we 
get the best lubrication for the pistons, 
rings, and liners with a lubricating oil 
consumption of between 1500-3000 
hp-hr. per gal. Sometimes after an over- 
hauling our lubricating oil consumption 
is more than 5000 hp-hr. per gal., and 
when this occurs we take the necessary 
step by ring and pump adjustments to 
lower this value. Whenever we locate a 
cylinder that tends to allow the lubn- 
cating oil to pass by the piston rings, 
we pull the piston as soon as it is con- 
venient to do so and clean the rings and 
make the necessary adjustments. 

The temperature of the lubricating 
oil in the crankcase is maintained at ap- 
proximately 135° F. 

Cooling water system. The enclos- 
ed system is used on these engines and 
a suction type of heat exchanger 18 
used for each engine. One heat ex- 
changer is of sufficient size that it can 
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cool both engines. Each unit has its 
own chain-driven, centrifugal circulat- 
ing water pump, which is large enough 
to take care of both engines. The surge 
tanks are double connected so that the 
circulating system on one unit can be 
used in an emergency for the other unit. 
The speed increaser units have their 
source of cooling water from the en- 
gine cooling system. The circulating 
water, raw water, and exhaust heat 
boiler water at each station is checked 
each month for scale and corrosive 
properties. We have no scale in our 
water jackets or cylinder heads. The 
water outlet temperature from the en- 
gine is regulated to 120° F. and the in- 
let temperature to 110° F., and we find 
for our operating conditions that this 
control works out best. 

Main pumps and speed increasers. 
All maintenance and inspection work 
on.the pumps and speed increaser units 
is under the direct supervision of the 
machinists. All pumps are equipped with 
mechanical seals and have been giving 
excellent service. 

Our main pumps have given very 
little trouble and the maintenance cost 
has been very small. We have found 
that after the first initial wear on the 
impeller wearing rings that with care- 
ful operation very little wear occurs. 
We attribute the small maintenance on 
the impeller wearing rings and mechan- 
ical seals to the fact that we have strain- 


ers in our incoming line to the heat ex- 
changers and to our method of closing 
off this line while the scrapers pass the 
station. Small individual strainers have 
been installed ahead of each mechanical 
seal as an added protection. The engine 
r.p.m., together with the differential 
pressure that a pump is capable of put- 
ting up, definitely indicates the true 
condition of the pumps. 

Our 17 speed increaser units from 
three different manufacturers have 
given excellent service and are quiet in 
operation. Oil pressure relief valves were 
installed in the lubrication system of 
these increasers as an added feature of 
safety. We change oil in the increasers 
every six months. 

Observations. The operating person- 
nel of this was carefully selected for 
its various duties at the time the line 
was put into operation for the reason 
that this line operates under the super- 
vision of the Dallas office through the 
district superintendent and the district 
machinist. The line’s successful opera- 
tion has proved that the effort in mak- 
ing our selections has been well worth 
the effort involved. 

We definitely have kept the super- 
vision of this line under as few super- 
visors as is possible to eliminate confu- 
sion of orders or instructions. We also 
found that this line, because of its dis- 
tance and available communication 


service, requires explicit and intelli- 








gent orders and instructions that can be 
carried out and at the same time pro- 
tect all of the operating personnel. 

Due to the fact that the units in each 
station generally operate in series and 
that all stations are in series with each 
other, it places each station in the posi- 
tion as part of a “chain” or in the cate- 
gory of a “link.” This point, therefore, 
brings out the fact that the station per- 
sonnel can give their whole, undivided 
attention to their own station. This is 
not generally true with stations that 
operate with floating tanks or by the 
“in and out” method of operation. 


We have made accurate reports and 
records of all necessary and important 
parts of our operation and maintenance. 


Conclusions. The writer has tried to 
cover only the most important points in a 
general way in our maintenance and op- 
erating program and I hope that I have 
brought out the point that we do try to op- 
erate this line in an efficient and thorough 
manner. The cooperative spirit of all the op- 
erating personnel has proved that this line 
can be maintained with a minimum of shut 
downs or lost operating time. 

The operating record of this line with- 
out spare units tends to bring out the point 
that, perhaps, we obtain better results from 
our personnel by not having spare units be- 
cause every piece of equipment is main- 
tained at the proper time. 

It may be suggested that a portion of 
this line’s splendid showing is a direct re- 
flection that each and every man is doing 
his part for the war effort in the transpor- 
tation of crude oil. 


wee — 














ESTABLISHED /869 


DEAN BROTHERS PUMPS /NC. 
/NDIANAPOLIS /ND. 


323 W TENTH ST. 


PUMPS 
RECIPROCATING 
CENTRIFUGAL 





4086 





4057A 





8001 





942 





3918 





2446 





2352L 


cole. 


3833 


BRANCH OFFICES 
NEW YORK HOUSTON CHICAGO 








THE PETROLEUM ENGINEER, Reference Annual, 1944 


169 








Enough Pipe Line to... 








Circle Yflote at the Equator, 
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and Cross America Twice. 


In 1915 Williams Brothers laid their first pipe line—18 miles of 8” natural 
gas line in Arkansas. Since that time they have built 30,000 miles of pipe 
lines—enough to circle the globe at the Equator, plus enough to cross Amer- 


ica from Jacksonville, Florida, to Los Angeles, California, and back again. 


And during two world wars, Williams Brothers have been privileged through 
their modern equipment, broad experience and army of trained workmen, 
to contribute substantially to the construction of important pipe lines which 


history might well record as “Lifelines of Liberty.” 


The confidence of private industry, governments and military authorities at 


home and abroad has always inspired our best effort. 


WILLIAMS BROTHERS CORP. 


GENERAL CONTRACTORS ENGINEERS 
Oil * Gas * Gasoline € Water 
Pipe Lines and Pump Stations 
NEW YORK ° TULSA . ATLANTA 2 HOUSTON 


THE PETROLEUM ENGINEER, Reference Annual, 1944 





P. 


TON 


1944 





Transportation Problems of the 
Oil Industry * 


By SIDNEY A. SWENSRUD, Vice President 
Standard Oil Company (Ohio) 


HE tremendous importance of pe- 

troleum transportation, not only 
within the oil industry, but to the en- 
tire activities of the nation in peace 
and in war, probably has not heretofore 
been fully understood or appreciated. 
This was particularly true, we believe, 
because in the working out of its highly 
developed integrated structure the oil 
industry had created a specialized trans- 
portation system all its own, having 
relatively little relation to ordinary 
transportation media. Few people re- 
alized that our country was underlaid 
with several hundred thousand miles of 
pipe lines. Few knew that the largest 
merchant fleet in the world consisted 
of the tankers of a United States oil 
company, or that in the field of truck- 
ing a majority of the largest fleets in 
the United States were those of oil com- 
panies, or that the oil industry was one 
of the largest users not only of our in- 
land river system but of the Great Lakes 
as well. 

These comparisons serve to explain 
why when something suddenly inter- 
feres with the operation of this ordinar- 
ily smooth running, inconspicuous 
transportation system, the repercussions 
produce a host of extremely compli- 
cated problems, and it brings home to 
alarge proportion of the population the 
importance petroleum products have at- 
tained in our everyday lives. 

The wartime importance of petro- 
leum transportation is too well known 
to need elaboration here. Such impor- 
tance has been rather dramatically sum- 
med up in a statement that petroleum 
products, including bunkering oil, con- 
stituted more than two thirds of the 
total cargo that accompanied the recent 
expeditionary force to Africa. When 
we consider that virtually every mov- 
ing piece of military equipment is pro- 
pelled and lubricated by petroleum 
products and that the chief ingredient 
of high-powered explosives—toluene— 
also comes largely from the oil industry, 
ind when we consider the far-flung, 
world-wide nature of the present con- 
flict and the limited areas of supply, we 
can realize how stupendous is the task 
of transporting these requirements to 
the various theaters of war. 


As for its importance within the in- 
dustry, transportation of crude oil and 
of products appears to account for 20 
to 25 per cent of the total revenue that 
the industry, including marketing, fin- 


* e . . — 
sere renented before American Institute of Mining and 


allurgical Engineers, New York City, February, 1943. 


ally receives from the public for its 
products. Thus transportation, which 
is one of the four great divisions of the 
industry—that is, production, refining, 
transportation, and marketing—is 
about equal, as measured by the share of 
revenue it receives, to the average im- 
portance of the other three branches. 

Historic review. Before we come to 
a discussion of present day problems, 
it will be well to review briefly the de- 
velopment of transportation in the oil 
industry, and the way in which this de- 
velopment has influenced or been influ- 
enced by other factors. 

At a very early date in the indus- 
try’s history, pipe lines came to be used 
for transporting crude oil, and until 
crude-oil production moved down to- 
ward the Gulf Coast, pipe lines were 
the only important form of transporta- 
tion of crude. Tank-car movement of 
crude, from very early in the develop- 
ment of the industry, ceased except as 
a temporary method of transportation, 
as in the early stages of new fields or 
for movement of small quantities of 
crudes of special quality. 

Pipe lines versus tankers. When 
crude production reached the Gulf 
Coast area, tanker transportation be- 
came the predominant method of mov- 
ing crude oil or its products from that 
area to the Atlantic seaboard, and now 
that the new “Big Inch” pipe line ap- 
pears to challenge even the peacetime 
economics of the tanker movement, it 
is interesting to consider why the tank- 
er originally displaced the pipe line. We 
may say that a crude oil line of such 
large diameter is a new development, 
but for years we have had large-diame- 
ter gas lines, largely built by oil com- 
pany subsidiaries, and probably there is 
no particular physical reason why large- 
diameter lines for crude could not have 
been built many years ago. 


Undoubtedly the answer lies largely 
in the fact that no one company on the 
Atlantic seaboard has ever run enough 
domestic crude to enable it by itself 
to make efficient use of a crude line of 
large enough diameter to compete with 
tankers. For tankers, however, except 
for the advantages of organization and 
the spreading of overhead over a larger 
volume, the maximum economy can be 
achieved by anyone who has enough 
volume to keep one large tanker busy, 
and that requires only around 10,000 
bbl. a day from the Gulf to the At- 
lantic seaboard, whereas to make the 
most efficient use of even a moderately 
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large pipe line, say of 16-in. diam., 
would necessitate a use for 100,000 to 
150,000 bbl. daily. 

Probably another factor was that the 
pipe line rate structure grew up on the 
basis of lines of relatively small diame- 
ter and the thinking, therefore, as to 
pipe line rates and costs has been influ- 
enced by the habit of considering pipe 
line rates in terms of these historic re- 
lationships, whereas for tankers tariffs 
have not been required and there was no 
impediment to thinking entirely in 
terms of costs rather than of tariff rates. 

Another factor, however, was that 
through the use of tankers the crude 
could be separated into its component 
products at the Gulf Coast. This had 
several advantages. Refining costs tend 
to be a little lower on the Gulf Coast 
than on the Atlantic seaboard (primar- ~ 
ily because of lower fuel cost). In addi- 
tion, when refining is done at the source, 
the refining loss need not be shipped at 
all. These advantages depend in part 
upon having outbound tanker trans- 
portation available, for it is not possible 
to move all of the products by pipe line. 
Heavy fuel oil, for example, cannot be 
shipped through a pipe line but can be 
transported in a tanker. These factors 
doubtless will continue to favor the 
combination of refining on the Gulf 
Coast, plus tanker transportation of at 
least a part of the products to the East 
Coast or elsewhere, but there is nothing 
in this to prevent the movement of the 
lighter products by pipe line. 

Displacement of rail transporta- 
tion. The reason why pipe lines and 
tankers displaced rail transportation will 
be discussed later on, but we may say 
here that we believe it was not entirely 
because of fundamentally higher costs 
of rail transportation; probably the ri- 
gidity of rate and cost-accounting con- 
cepts in railroading were equally respon- 
sible. In deciding between rail, tanker 
and pipe line transportation an oil com- 
pany, as far as rail transportation is con- 
cerned, can consider only the tariff rates 
available—not the basic costs. 


In the field of product transportation 
the railroads had almost a complete 
monopoly until about 15 years ago, 
except for the final local delivery made 
by tank wagon or tank truck, and ex- 
cept for the tanker deliveries from the 
Gulf Coast to the East Coast. After 
that, transport trucks, and later prod- 
uct pipe lines began to displace the rail 
movements. 

Here again it is the writer’s opinion 
that the railroads lost most of this busi- 
ness because of a failure to conceive the 
true nature of the problem and the 
reality of the competition, and to con- 
sider the costs of losing the business as 
well as figuring the costs of handling 


(Continued on Page 174) 
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LINDE METHODS AND EQUIPMENT 


H elp to Maintain Production 
and to Lower Operating Costs 


Oxy-acetylene processes are used throughout industry to speed up production 


and construction programs, to conserve materials, to lower operating costs, and 
to simplify maintenance and repair. Some of the many oxy-acetylene applications 
are outlined here. 





OXY-ACETYLENE WELDING 


The oxy-acetylene flame makes possible the joining of practically any metals—like or unlike 
so that the weld is as strong as the base metals themselves. Welded piping systems in plants 
and refineries use less fittings, occupy less space, and remain leakproof indefinitely. Overland 
pipe line welding by Linde’s steel-welding process produces strong, ductile welds in pipe of any 
size. Bronze-welding and resurfacing speed the repair of worn or broken parts and hard-facing 
with HAYNES STELLITE alloys makes parts subjected to abrasion, heat, or corrosion last from 
two to twenty-five times longer. 





MACHINE FLAME-CUTTING 
Shape-cutting with OXWELD machines 
quickly produces simple or intricate steel 
shapes with clean-cut edges that usually 
require no machining. Identical parts can 
be cut rapidly, from tightly clamped piles 
of plate by this method. 





4p 
fi a 


FLAME-PRIMING 
This relatively new process removes loose 
scale, rust, and surface moisture from steel 
prior to painting—making paint go on 


faster, bond tighter, and last longer. 
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HAND-CUTTING 
Flame-cutting with manually operated 
blowpipes is useful for cutting pipe in 
the fabrication of piping systems. Hand- 
cutting also is used to cut structural steel 
in construction or alteration work—to re- 
claim old pipe—and to cut scrap to length. 





FLAME-HARDENING 
This oxy-acetylene process is used to im- 
part a hard, wear-resistant case to steel 
and iron parts without affecting the tough- 
ness of the core. 





GOUGING 
With OxweELp hand-cutting blowpipes 
equipped with gouging nozzles, a groove 
of surface metal—such as faulty or tem- 
porary welds—can be removed quickly, 
without need of grinding or chipping, and 
without harm to the adjacent areas. 





The intensely hot, easily controlled oxy: 
acetylene flame facilitates wrinkle-bending 
of pipe and provides a smooth, long-sweeP 
bend, without thinning the pipe walls. 
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This sketch shows how a UNIONMELT butt weld is made. 


UNIONMELT 
WELDING 


UNIONMELT electric 
welding is a unique 
automatic process 
that makes welds of 
unusually high qual- 
ity in any thickness 
ot metal at high — 
speeds. Once the speed and current values are established 
by the operator, the “human element’’ is eliminated as a 
factor in producing good welds. UNIONMELT welding is 
done under a protective blanket of a special granulated 
material—without flash, glare, or sparks. The rod is fed 
automatically as work progresses and is thoroughly mixed 
with the molten base metal. For these reasons, UNIONMEL'T 
welding is widely used in the fabrication of pressure vessels, 
pipe, railroad equipment, tankers, and ships. 








MACHINE 
APPARATUS 


Included in the OXWELD line 
of apparatus are portable 
and stationary oxy-acetylene 
machines for cutting shapes 
or straight lines; flame-hard- 
ening apparatus; bar and 
billet cut-off machines; automatic welding equipment; and tractor 
units tor plate-edge preparation. 


WELDING RODS 
AND SUPPLIES 


The many kinds and sizes of 
OXWELD high quality weld- 
ing rods make it possible to 
select the one that will give 
best results on each job. The 
OXWELD line also includes 
fluxes, gloves, goggles, light- 
ers, hose. and asbestos paper. Rods and supplies may be ordered 
from Linde or trom automotive and industrial jobbers. 


GENERATORS 
AND MANIFOLDS 


OXWELD acetylene gener- 
ators are made for both 
portable and _ stationary 
use — with maximum gen- 
erating capacities of from 
30 to 9,000 cu. ft. per hour. 
OXWELD manifolds central- 
ize the oxygen and acety- 
lene supply from cylinders. 





HAND 
APPARATUS 


Oxy-acetylene appa- 
ratus which may be 
ordered from Linde 
includes oxy-acety- 
lene blowpipes for 
all welding and heat- 
ing work; oxy-acety- 
lene cutting blowpipes, cutting attachments, and nozzles; 
and oxy-acetylene descaling and flame-priming equipment. 
OXWELD apparatus is supplied from Linde offices and ware- 
houses. The PUROX and Prest-O-WELD line, and Prest-O- 
LITE air-acetylene appliances for soldering and brazing, are 
distributed by industrial and automotive jobbers. 








OXYGEN, ACETYLENE, CARBIDE 








A booklet describing 
use of LINDE oxygen, 
Prest-O-LiTE acetylene, 
UNION carbide, and Ox- 
WELD apparatus in these 
and other processes will 
be sent without charge 
on request. Ask for 
Form 5268A. 
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BUY UNITED STATES THE LinpeE Air Propucts COMPANY 


WAR BONDS AND STAMPS Unit ¢ 


of Union Carhide and Carbon ¢ orporation 


39 E. 42nd Se., New York 17 UCCHOlilea mu mel cat weliely mela. 


In Canad 


Dominion xYRE! ompany, Limited, Toronto 





The words ‘‘Linde,’’ ‘‘Prest-O-Lite,’’ ‘‘Union,’’ “‘Oxweld,”’ ‘‘Purox,”’ ‘'Prest-O-Weld,’’ ‘‘Haynes Stellite,”’ 
and “‘Unionmelt” are trade-marks of Union Carbide and Carbon Corporation or its Units 
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(Continued from Page 171) 
it in accordance with typical cost-ac- 
counting calculations, which are heav- 
ily burdened with fixed charges. 

Along with this was the failure, or 
perhaps we should say the impractica- 
bility, of the parties involved—that is, 
the railroads, the tank-car owners and 
the shippers—to give to the question of 
how the traffic in a particular case could 
be handled most efficiently the same con- 
sideration a single oil company would 
give to the handling of one of its own 
transportation problems through its 
own facilities; and even if this could be 
done, there would still be the problem 
of setting up a rail rate in the particular 
case that would give recognition to the 
working out of such efficiencies. 

Trucks and pipe lines versus tank 
cars. To digress a moment on this point 
—it can well be imagined what pipe 
line or truck costs would be if move- 
ments through these facilities were han- 
dled in the same fashion as are move- 
ments in ordinary times by tank car; 
that is, no effort made to speed up the 
turn-around time by attention and time 
study of every aspect of loading, mov- 
ing and unloading, and no effort made 
to increase the size of the container as 
a means of lowering costs. 

In our own company’s operation of 
transport trucks, we aim to keep them 
. in active operating service about 20 out 
of 24 hr. In connection with trucks, 
much study is given to speeding up 
loading and unloading operations 
through more rapid pumping, larger de- 
livery pipes and better scheduling, and 
so forth, but in prewar days very little 
consideration was ever given such de- 
tails in connection with the movements 
by tank car. The point is that for trucks 
or pipe lines we could deal with these 
problems because they were within our 
single control, whereas with railroad 
transportation this was not possible, be- 
cause, in addition to the railroad, the 
tank-car owner and the shipper there 
was the Interstate Commerce Commis- 
sion. These, in the writer’s opinion, have 
been the factors that have caused the 
substitution of other methods of trans- 
portation for rail movements rather 
than, or certainly as well as, any marked 
advantage of the other methods over 
rail, so far as the fundamental costs of 
material, man-hours, and horsepower 
are concerned. 

Influence of transportation de- 
velopments on other ends of the 
business. It is interesting to note how 
the shifts from rail to pipe line, trans- 
port truck and barge transportation 
have affected the development of the 
refining and marketing ends of the in- 
dustry. When product shipments were 
primarily by rail, a predominate feature 
thereof was that large freight zones 
were created—referred to, for example, 
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as Group 2 or Group 3—in which the 
rail rate for a shipment to a point out- 
side the zone was the same from every 
point of origin within the zone—this 
regardless of the relative costs or dis- 
tances that might be involved. Under 
these conditions there was no outbound 
rail transportation advantage in locat- 
ing a refinery at one point as against 
another within the same zone, and the 
result, of course, was that small refin- 
eries tended to spring up wherever a 
crude field developed; since the nearer 
the field, the less the inbound transpor- 
tation cost of the crude. When, how- 
ever, rail transportation began to be 
displaced by truck or pipe-line transpor- 
tation, and when, in consequence, de- 
livered prices in the Middle West mar- 
kets ceased to reflect fully the old 
“Group 3 price-plus-rail freight” basis, 
many of these isolated refineries became 
uneconomic. 

Of course the larger refining com- 
panies had tended to give greater con- 
sideration to the fundamental aspects 
of transportation and to locate their re- 
fineries in the vicinity of the larger 
markeis, for where there was a large 
enough volume involved it was general- 
ly cheaper to transport the crude oil a 
long distance by pipe line and the prod- 
ucts a short distance by rail rather than 
vice versa. 

Product pipe lines. The development 
of the product pipe lines and the large 
consumption of heavy fuel oil by the 
western railroads has contributed to 
making the location of field refineries 
somewhat sounder, because now the 
light products can be shipped by pipe 
line, the heavy fuel oil can be sold to 
the local railroad and the refinery loss 
need not be shipped at all. 

Just why the development of pipe 
lines for shipping products as well as 
crude was so long delayed is an inter- 
esting question. Of course there never 
was as large a volume of any one re- 
fined product to be shipped by pipe line 
as there was of crude. However, in 
many cases there was a large enough 
steady movement, at least of gasoline, 
to warrant its delivery by pipe line long 
before product lines developed. There 
does not appear, either, to have been 
any sound engineering reason for the 
deferment, since eventually some of the 
oldest crude-oil lines in the country 
were turned into gasoline lines. 

I think we must put the deferment 
down primarily to the fact that the 
larger units in the industry, which had 
a volume sufficient for efficient pipe- 
lining, had achieved their major sav- 
ing by piping the crude oil to refineries 
in the large marketing centers and 
therefore had achieved a sufficient ad- 
vantage over the marginal compeétition 
to make it possible to ship the products 
out by rail and still have a comfortable 


margin. Also, on the Great Lakes, some 
deliveries from refineries to other large 
centers were made by tanker, and op 
some of the rivers by barge, and this 
solved a further part of the problemn— 
possibly not as economically as a sound 
products pipe line system would have 
solved it, especially as compared with 
tankers on the Great Lakes, which are 
frozen up almost half the year, necessi- 
tating large terminals and extra inven- 
tories. It may be, too that the fact that 
product price structures historically 
were based largely on rail rates was a 
factor in postponing the development 
of product pipe lines. 

Whatever the reason for the delay, 
the progress of product pipe lines was 
very rapid once the ice was broken a 
dozen or so years ago, and the industry 
has now made great progress toward 
what we might call its “product plumb- 
ing system.” 

Effect of transportation changes 
on marketing. Nothing could have 
been better calculated to change the 
development of marketing than these 
various shifts in the nature of product 
transportation. During the rail era there 
were two primary facilities in petro- 
leum marketing—the bulk plant and 
the service station. The bulk plant re- 
ceived tank-car deliveries for local dis- 
tribution by tank wagon and later by 
tank truck. The early radius of this 
local delivery operation was small, and, 
since the material had to come in by 
tank car anyway, the advantage lay in 
a great number and scatteration of 
bulk plants. 

Deliveries were made from these bulk 
plants to retail stations, and there was, 
therefore, a very sharp distinction be- 
tween the “tank car” price to the job- 
ber operating a bulk plant and the “tank 
wagon” price to the dealer operating a 
retail station. The distinction was real; 
there was no escaping the transporta- 
tion realities on which it rested. 

The development, however, of trans- 
port truck, pipe-line, and water deliv- 
eries has now changed this whole scene. 
Transport trucks can haul long dis- 
tances from refineries, but, more than 
this, the product pipe lines and water 
routes have led to the creation of many 
pipe line and water terminals, which 
have the same effect as though the re- 
finery itself had been moved out to- 
ward its markets, in somewhat the same 
fashion as that of the general who got 
on his horse and rode off in all directions. 

Bulk plant becoming obsolete. It may 
readily be seen that under these circum- 
stances the old-type bulk plant, which 
had to exist for receiving tank-car de- 
liveries, is destined to become, and is 
becoming, more and more obsolete. 
There is no need of shipping by tank 
car or by transport truck from a pipe 
line or water terminal to a local bulk 
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plant if delivery can be made directly 
to the retail dealer or the consuming 
customer by a truck moving out of the 
terminal. 

There still is a wholesaling function 
to be performed in the solicitation and 
grvicing of retail dealers and consum- 
ing accounts, in the warehousing of 
case and barrel goods and the like, but 
there is an ever diminishing need of the 
old-fashioned bulk plant for the pur- 
pose of putting the major liquid prod- 
ycts through it, and such business seems 
likely to dwindle down to that of serv- 
ing the peddler type of small-size de- 
liveries to farmers and other small con- 
sumer. 

The war has greatly accelerated this 
development, especially in the areas 
where for one reason or another it had 
been somewhat held back by a tendency 
to continue uneconomic local tank-car 
ail deliveries. The need of using these 
tank cars for long-distance movements 
to the East has created a great pressure 
to eliminate them from all unnecessary 
local deliveries, and thus a trend, which 
was certain to have extended anyway, 
was accelerated by the war. 

Effect on retail marketing. The re- 
sult of these developments has been a 
marked change in retail marketing. The 
tendency of the larger, better located 
stations is to put in large enough tanks 
to receive transport deliveries in effic- 
ient quantities, and since this naturally 
reduces the cost of wholesaling as far 
as such station is concerned, the mar- 
gin between the jobber price and the 
dealer price constantly tends to narrow. 
This, in turn, tends to make even more 
uneconomic the operation of the station 
whose premises or business is so small 
that direct deliveries in efficient volume 
cannot be made. As in all human insti- 
tutions, customs tend to outlast the 
conditions that brought them about, 
and in the same way many of the small 
uneconomic retailers continued to stay 
on. Up to the time of this war this un- 
doubtedly was a fortunate circum- 
stance since it tended to mitigate the 
sufferings that often result from a sud- 
den change. Here again, however, the 
was has tended to accelerate a develop- 
ment that undoubtedly was inevitable. 
War jobs have been more lucrative than 
the operation of a marginal service sta- 
tion, especially after its sales were fur- 
ther reduced by rationing. 

Aspect of integration as cause 
and effect. We cannot pass over these 
teltaionships between transportation 
and the development of the industry 
without commenting upon the inter- 
relation between the integrated form of 
Organization, which has characterized 
the industry, and its specialized forms 
of transportation, especially pipe lines. 
These factors have, we believe, operated 
4s mutual cause and effect. Had there 


been no tendency toward integration 
in the industry, and had its units never 
been large enough to make it possible 
for any one of them to consider build- 
ing a fair-sized pipe line for its own ex- 
clusive use, it may be doubted whether 
this method of transportation, except 
for local gathering of crude oil, would 
ever have developed in any important 
way. But once pipe line transportation 
had begun to develop, the low incre- 
mental cost of pumping the extra unit 
through a pipe line undoubtedly had 
a vast influence on the development of 
the business. The company that was 
big enough to build a pipe line would 
start out usually with a somewhat larger 
capacity than it then needed, and thus 
in ordinary circumstances there would 
almost always be the possibility of 
putting through additional quantities 
merely by adding some additional 
pumping facilities, going to a little 
higher pressure, or, when these meth- 
ods had been exhausted, building inter- 
mediate stations or “looping” the line. 

The extra cost of handling extra oil 
on this basis was relatively small, and 
coupled with the fact that where extra 
refining capacity exists a similar low 
incremental cost factor operates, it can 
readily be seen that an integrated com- 
pany could manufacture additional 
products at a cost that ordinarily would 
leave a sufficiently satisfactory margin 
to stimulate the efforts toward further 
expansion, even if some price conces- 
sions had to be made. 

What we used to hear so much about, 
therefore, as crude oil pressing on the 
market, probably was not solely the 
pressure to produce the extra crude oil, 
but this, plus the opportunities to make 
additional profit from the low-incre- 
mental-cost factors involved in trans- 
portation and refining. Contrast this 
with the much greater incremental cost 
that would be applicable to an extra 
barrel shipped via tank car or via a pipe 
line owned by an outside company, 
when the extra barrel would carry the 
same cost to the shipper as the first bar- 
rel shipped. 

The combination of low incremental 
cost and company ownership of pipe 
lines, therefore, probably must be con- 
cluded to have been one of the primary 
forces promoting the high degree of in- 
tegration in the oil industry. Such in- 
tegration, in turn, made it possible for 
the pipe lines to be built, and thus in- 
tegration has, in fact, contributed very 
greatly to economical transportation in 
the industry, most of the benefits of 
which in the form of lower prices, have 
been passed on to the consumer. 

Wartime problems. The displace- 
ment of rail movements of petroleum 
products by less expensive pipe-line and 
tanker movements in the years past, 
in addition to providing cheaper trans- 
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portation, turned out to have been a 
national blessing for another reason as 
well, for it resulted in there being on 
hand an extra, unused, or only partly 
used, form of transportation that could 
be impressed into service as an emer- 
gency measure. It is interesting now to 
look back at the controversy that raged 
in 1941 as to whether or not there were 
20,000 tank cars available in the United 
States which could be put into long- 
distance tanker-substitution service. It 
will be recalled that most of the author- 
ities in the Petroleum Coordinator’s of - 
fice, including some of very high rank, 
took violent exception to the idea that 
there was any such number of tank 
cars available. That they were slightly 
in error is attested by the fact that at 
present there are somewhere between 
70,000 and 80,000 tank cars in this 
service! Nothing could better illustrate 
the importance of a proper concept of 
a problem. 

Those of us who had spent many 
years working on the substitution of 
other methods for expensive rail de- 
liveries had little doubt that the great 
majority of tank cars, in fact, could be 
freed for such service merely by carry- 
ing the substitution of nonrail methods 
of local delivery a good deal farther, 
and, if necessary for this purpose, build- 
ing some additional trucks, inasmuch 
as even a small truck will displace 10 
to 20 tank cars. A tank car in a local 
short-distance movement is almost un- 
believably inefficient in terms of the 
barrel miles of transportation accom- 
plished per tank car per day, because of 
the disproportionate amount of idle 
time during which the tank car is be- 
ing switched around or left standing in 
yards awaiting the arrival of trains. 
And, of course, the recipients of tank 
cars had formed the habit (entirely jus- 
tified when there was a surplus of tank 
cars) of unloading them pretty much 
at their leisure, since ordinarily they 
were allowed 48 hr. or more of free 
time after the arrival of the car in which 
to get it unloaded. 

Concept should be trains instead of 
cars. The difficulty of getting people 
to change their concepts of such mat- 
ters is well illustrated by the dispropor- 
tionate emphasis placed for a long time 
on the “‘time under load” factor; that 
is, the time elapsing between the time 
the loaded car was taken from the load- 
ing rack and the time it was delivered to 
the destination. But, of course, from a 
standpoint of maximum deliveries over 
a period, the time spent in moving the 
loaded car was not one iota more im- 
portant than the time spent in loading 
and unloading and in returning the 
empty car. 

Another concept which it has been 
difficult to inculcate was that since the 
tank cars were being substituted for 
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tanker hauls they could be most ef- 
ficiently used if arrangements were 
made to load them and unload them in 
trainload lots, just as a tanker would 
receive a quantity (equivalent in fact 
to many trainloads) from one terminal 
and deliver it as promptly as possible 
to another terminal. Instead of this, the 
tendency was, and still is to some ex- 
tent, to disperse the cars when they’ar- 
rive near the destination and use them 
to make a great many small local de- 
liveries to individual customers and 
bulk plants, thereby merely doing with 
the precious tank car what could be done 
several times more efficiently with a 
local truck. There would be some extra 
cost attaching to subsequent truck de- 
livery, but from the standpoint of max- 
imum utilization of tank cars there 
could be no question whatever of the 
efficiency of unloading the trainload 
as a unit and getting the empty cars 
started back promptly and as a unit. 

On the whole, of course, the oil com- 
panies and the railroads have done a 
creditable job in making tank cars 
available from local services and getting 
the deliveries to the East up to the fig- 
ures that have been reached. But it is 
believed that such deliveries could be 
still further increased with the same 
number of cars if we thought more in 
terms of trains rather than tank cars, 
and if we handled the trains as nearly 
as possible in the same way that tankers 
would be handled if they were avail- 
able. 

Other projects. The use of tank cars 
is but one (although by far the most 
important) of several means of increas- 
ing deliveries to the East Coast. 

The most important other project is 
the new 24-in. pipe line from East 
Texas, the first part of which, ending 
at Norris City, Illinois, is just being 
completed, with an extension to the 
East Coast under construction. 

Three gasoline lines, formerly run- 
ning from the East Coast to the Ohio 
River Valley area, have been reversed 
and are now carrying crude oil or prod- 
ucts eastward instead of westward. To 
facilitate these eastward movements, 
certain connecting links have been built 
and other previously existing links en- 
larged, so as to make it possible to bring 
to the head of the reversed pipe lines 
enough volume to keep them operating 
at full capacity. 

Pipe lines of used pipe. Several other 
pipe line projects have been built out 
of used pipe. including a line from Beau- 
mont, Texas, to Baton Rouge, Louis- 
iana, to supplement or take the place of 
barge deliveries: via the Intercoastal 
Canal, in order to make available addi- 
tional quantities at Baton Rouge to 
feed the eastbound Plantation products 
line, running eastward through the 
southern tier of states. The Plantation 
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line, which was built in 1941 as far 
as Greensboro, North Carolina, was re- 
cently extended to Richmond, Virginia, 
and its capacity increased to handle the 
extra movements. 

Another line was built out of used 
pipe from El Dorado, Arkansas, to Hel- 
ena, Arkansas, on the Mississippi River, 
and certain crude oil lines formerly run- 
ning south from El Dorado to or toward 
Texas were reversed and converted to 
product deliveries in such a way as to 
make it possible to get enough refined 
products to the head of the El Dorado- 
Helena line to keep it operating at ca- 
pacity. 

Still another used pipe project is a 
line across the northern part of Florida, 
which makes it possible to take gaso- 
line delivered to the west coast of Flor- 
ida by barge or tanker and deliver it 
to the east coast without having to cir- 
cumnavigate the whole peninsula. 

Great Lakes tankers. Successful pro- 
grams also were developed to increase 
the usefulness of Great Lakes tanker 
facilities by rearranging deliveries, 
through exchanges, improvement of 
loading and unloading facilities and oth- 
er measures, so as to eliminate cross 
hauls and maximize eastbound deliv- 
eries. Some new barging and towing 
equipment has been built, and a sub- 
stantial number of dry-cargo barges 
have been converted to oil carriers. 

New pipe lines proposed. Now 
being proposed is another large-diame- 
ter (20-in.) new pipe line to run either 
(a) from the Beaumont, Texas, refin- 
ing area up to a point in Indiana, or (>) 
from a Middle West point on to the 
East, and in either event the other leg 
might later be built so as to make an- 
other large-diameter through line from 
Texas to the East. Some controversy has 
developed as to which leg of this line 
should be built first, and the matter has 
attracted the attention of one of the 
committees of the United States Sen- 
ate.* 

One of the problems that frequently 
arises in consideration of transportation 
problems is the fact that crude oil pro- 
duction in the Middle West and Mid- 
Continent areas, especially in Illinos 
and Oklahoma, is tending to decline and 
this means that on the average crude 
oil will have to be brought from more 
distant sources for use in the interior 
refineries, generally referred to in the 
War Administration as District No. 2. 
At some point, therefore, it seems 
probable that additional pipe line ca- 
pacity for crude from Texas into Okla- 
homa will be found essential. There are 
great reserves of crude oil in West 
Texas, and additional pipe line capacity 
for moving oil from that area into 
Oklahoma probably would be found to 


*United States Senate Special Committee to Investi- 
gate the National Defense -Program. 


be a desirable means of increasing crud, 
oil availability in District No. 2 in such 
a way as to ensure the continued fylj 
use of pipe line transportation capac 
from Oklahoma northeast, and to a 
sure the necessary quantity of crudegi 
required by the refineries in the interigg 
area. The preoccupation of most of the 
government authorities with the soly. 
tion of the East Coast shortage prob. 
lem, and the fact that thus far it hy 
been possible to draw on previously 
accumulated stocks of crude oil in Djs. 
trict No. 2 sufficiently to offset produ. 
tion declines, has postponed attention 
to this problem, but such stock redug. 
tions obviously are a negative type of 
solution, and it would seem that in the 
near future the problem will have tok 
dealt with in an affirmative manner by 
providing pipe lines for bringing addi- 
tional crude oil into District No. 2 for 
use therein. 

Wartime operating problems. 
Operating problems under today’s con- 
ditions can be epitomized by saying that 
operations are being conducted at as 
nearly 100 per cent capacity as possible 
(in many instances at reduced safety 
factors) while being limited and hind- 
ered by lack of materials, inferior sub- 
stitute materials, reduced manpower, 
and increased inefficiencies of labor. 

Considering these factors in their 
order: It is impossible often to obtain 
first-class material, and even substitute 
or used material involves delays and ob- 
structs repair or construction schedules, 
In one pipe line project recently com- 
pleted, it is safe to say that a month's 
time and several million ton-miles of 
transportation were lost because of in- 
ability to obtain on schedule the used 
materials designated for the job. 

Up to the present the shortage in 
manpower has been felt mostly in en- 
gineering and supervisory work, with 
the result that many men occupying 
these jobs are reaching the limit of time 
that they can apply to their work. 
Government regulations and _ reports 
contribute not a little to this problem. 
Within the past six months there has 
been a noticeable decline in the effici- 
ency of labor, evidenced by careless 
work and by the tendency of men to 
leave for no particular reason except 
perhaps a feeling of independence. It 
is not unreasonable to look forward to 
the time when existing transportation 
facilities will deliver fewer ton-miles as 
a result of these factors. 

Exchanges and joint use of faci- 
lities to save transportation. We heat 
a good deal about exchanges and joint 
use of facilities. In the prewar days, 
industry was greatly criticized for mak- 
ing gasoline exchanges, as though there 
were something reprehensible about one 
company getting gasoline from another 
company’s refinery or terminal. 
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More Dirt Off 


the Conveyor 


On Your 


“"CLEVELANDS’ 


@ Lubricate thoroughly and regularly. When lubri- 
cating, make certain that all fittings are open and 
all bearings taking grease. Be sure to replace any 
broken or damaged fittings. It is good practice 
when moving or “Roading” any distance over 2 
miles, to stop machine and completely lubricate 
crawler system. 

@ When making spot lubrication, check machine 
for loose or broken bolts. Tighten the loose bolts 
and replace any broken ones. Also check for 
broken strands in cables, worn or broken links 
in chain and worn brake and clutch facings, and 
replace at once all damaged parts. 


® Check Crank Case Oil level. Fill to full mark. 
@ Check coolant in radiator. The level should be at 


or near overflow when hot. If contaminated with 
oil, rust or dirt, it should be changed. 
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THE CLEVELAND TRENCHER COMPANY ‘ow 


“Pioneer of the Small Trencher’ 


“CLEVELANDS’ Save More... 
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... following these suggestions. They will assure your cashing-in, regularly, on your 
“CLEVELANDS” built-in ruggedness and productive performance. 


@ Check carefully all bucket rooters for sharpness. 
Renew when dull. This is exceedingly important 
and will pay dividends. 

@ Keep Conveyor belt tension as low as possible 


without allowing belt to slip. 


@ Check fan belt for tension . . . water pump and 


radiator for leaks. 


@ Examine all wiring. See that connections are 
tight, wires clean and not damaged. 


@ Operate digger with Boom Level when desired 
depth is reached. Never “crowd” machine ehead 
so that it “labors.” 


@ Keep machine as clean as possible. Avoid danger 
from heavy rain or floods by moving machine 
from deep pits. 
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CLEVELAND, OHIO Vv 


.-Because they Do More 














DULL IN 
3 DAYS 





\ 2 
STILL SHARP 
AFTER 30 DAYS 


The two ditcher teeth pic- 
tured above were used on the same machine 
and operated under identical conditions. 

The unprotected tooth at the top had to be 
sharpened every three days and was too short 
for further service after six sharpenings. 

But the Borium-protected tooth at the bottom 
operated for 40 days and wore only 1/2”. It 
was simply resharpened in the forge, retipped 
with Tube Borium, and put back on the ditcher 
for another 40 days’ service. 

Before the tooth was finally worn out, it had 
operated a total of 120 days! 

Tube Borium makes such savings possible be- 
cause the deposits represent the ultimate in 
wear resistance and the ability to cut hard 
earth formations. 


*Stoody Tube Borium is supplied in rods of Ye”, 
\,", Va’ and Ye" diameters and is available 
for either oxyacetylene or D.C. electric appli- 
cation. Prices and specifications are yours for 
the asking. 
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These tungsten carbide particles do not melt 
when tube is applied but are held in suspen- 
sion in a mild steel matrix forming a deposit 
resembling coarse sandpaper. 
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TORE Senien 






Send for free booklet on TUBE 
BORIUM, showing sizes and 
styles of rods and recom- 
mended methods of application. 
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STOODY COMPAN 


1142 West Slauson Avec., Whittier, Calif. 


STOODY HARD-FACING. ALLOYS 
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true importance of those exchanges is 
now being recognized and, instead of 
the government objecting, it is now 
urging or ordering the making of such 
exchanges wherever possible. The fact 
is, of course, that the exchanges were 
always a method of minimizing trans- 
portation, and in past times the public 
benefited through the lower prices re- 
sulting from decreased costs, just as 
today the country is benefited by the 
greater utilization of transportation 
facilities that is possible through ex- 
changes. 

The joint use of facilities which is 
being discussed at length is simply a 
further application of the exchange 
idea, for exchanges themselves are in 
effect joint use of facilities. There is, of 
course, a considerable difference be- 
tween arrangements voluntarily work- 
ed out, where the pressure is lowering 
of costs, as contrasted with arrange- 
ments made pursuant to an arbitrary 
plan, which theoretically might appear 
to be well-nigh perfect, but which 
might go so far as to qualify substan- 
tially the fundamental competitive 
nature of the business. The standard, of 
course, must be wartime efficiency. But 
probably a general observation may be 
made that the theoretical efficiency of 
any plan that deviates widely from cur- 
rent practice and requires a good deal 
of administrative procedure to carry it 
out must be subject to a substantial dis- 
count factor, and this is especially true 
if, in addition to burdensome adminis- 
trative problems and costs, the changes 
involved appear to be in the direction of 
permanent socialization. Probably it is 
actually more efficient to get 70 or 80 
per cent of the theoretically possible 
accomplishment, by some plan that 
leaves as much of its application as 
possible to individual operators to work 
out, with ample following up, analysis 
and reporting of progress by the in- 
dustry committee or government 
agency concerned. 

Postwar problems. We are begin- 
ning to hear more and more about deal- 
ing with the postwar problems, which 
will have arisen out of the war. A great 
many such problems can be posed in 
regard to petroleum transportation, for 
in that, as in refining, large new facili- 
ties will have been created as a result of 
the war, and the use of these after the 
war undoubtedly will have a very great 
influence upon the course of the in- 
dustry’s development. 

Can or will the “Big Inch” pipe line 
(or lines), for example, continue to 
haul crude oil or products all the way 
to the East Coast after the war in com- 
petition with tankers? Will these lines 
continue to be owned by the govern- 
ment or will they be sold to oil com- 
panies? In either case, would it not be 
necessary, in order for them to com- 
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pete with tankers, for their tariff rap, 
as well as their costs to be in line with 
tanker costs? If, however, the rates were 
reduced to such a level, would deliverig 
be made to intermediate points at pro. 
portionate rates, and if so what woulj 
be the effect upon existing pipe ling 
and refineries? 

What will be done with all the barg. 
ing equipment that is constructed 
reconstructed during the war? Wil 
there be enough of the kind of traf 
that barges, as contrasted with othe, 
methods of transportation, can handk 
efficiently to keep this long-lived equip. 
ment in service? Or will many of the 
oil barges be converted after the wz 
to the handling of other commodities 
for which pipe-line transportation js 
not available and for which the prin. 
cipal competition is from the rails? 

What will be the rail picture after 
the war? Will the railroads, having dis. 
covered, if they have discovered, that 
they might be able to handle well. 
organized’ large-volume __ petroleum 
movements at low cost, make a bid for 
holding this business after the war and 
get their rates down to a point where 
they could compete with pipe lines or 
water movements? (If we were to make 
one prediction, it would be that this 
will not occur, since it would involve 
a greater change in the ratemaking con- 
cepts of the railroads and the Interstate 
Commerce Commission than _ seems 
likely to occur.) 

What will be the fate of the tank-car 
companies after the war? Will they re- 
gain enough of the local business to 
provide fair use for the good cars left 
after the war, or will there be enough 
increase in tank-car movements of 
other liquids to fill the gap? 

What will be the influence of all the 
new transportation facilities upon re- 
finery operations and locations, and 
upon marketing developments? What, 
indeed, will be the industry’s total vol- 
ume of petroleum and its products to 
be moved after the war? How rapidly 
will the automotive “‘population” be re- 
built? Will prices of crude oil remain 
low enough to keep petroleum fuel oils 
competitive with coal and other fuels? 
What will be the export requirements 
in the reconstruction period? 

These are some of the questions and 
problems that the industry will be fac- 
ing after the war. It would be futile in 
such a paper as this to do more than 
merely mention them, but it is apparent 
that they will require the best efforts 
of the industry for their solution—we 
may venture to suggest that the difi- 
culty involved in dealing with them 
will probably be in about inverse pro- 
portion to the growth factor of the in- 
dustry in the postwar period, as influ- 
enced by the general economic and in- 
dustrial situation. ert 
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Symposium on Combating Internal Corrosion of 


Products Pipe Lines* 


By JOHN M. PEARSON, Sun-Susquehanna Pipe Line System 


A. Description of system and its 
capacity. The Sun-Susquehanna Pipe 
Line System is a system composed of 
four operating companies. The Pennsyl- 
yania company is the Susquehanna Pipe 
Line Company, with lines extending be- 
tween Twin Oaks, Pennsylvania, and 
the state borders near Youngstown, 
Ohio, Binghamton, New York, and 
Washington’s Crossing, New Jersey. 
The first 2 lines are 6 in. and the last 
is $ in. 

In Ohio the operating company is the 
Sun Oil Line Company, with a 6-in. 
line from the Susquehanna Pipe Line 
terminal to Cleveland, Ohio. For the 
duration, this line is pumping east into 
District 1, via the west line of Susque- 
hanna. Tenders are delivered into the 
system by the pipe line of The Stand- 
ard Oil Company (Ohio), at Randolph 
Station near Akron, Ohio. 

In’ New York the Sun Pipe Line, Inc., 
é-in. main line crosses the state from 
the Susquehanna terminal to the city 
of Syracuse, New York. 


In New Jersey the 8-in. line of the 
Middlesex Pipe Line Company crosses 
New Jersey to a terminal in Newark. 

Inasmuch as the system was designed 
to deliver products to market, there are 
20-odd delivery terminals and spurs 
connecting with facilities owned by 
shippers. 

The 6-in. west line and stations have 
a capacity of 15,000 bbl. per day of 
gasoline, the 6-in. north line a capacity 
of 8,000 bbl. per day, and the 8-in. east 
line a capacity of 36,000 bbl. per day. 
When products heavier than gasoline 
are pumped, the capacity is somewhat 
reduced, both on account of the maxi- 
mum permissible line pressure and on 
account of the overloading of pump 
motors. Maximum working pressures at 
present are 1000 Ib. per sq. in. in the 
6-in. and 8-in. systems. 


The majority of pump stations are 
fully automatic, and use electric power. 
Byron-Jackson and Gould pipe-line 
pumps are used, driven by base-venti- 
lated squirrel-cage motors built by El- 
liott, Allis-Chalmers, and General Elec- 
tric to our specifications. The automatic 
control methods are a development of 
our engineers, and have been described 
in previous publications, '* *» + 4 
_ The distance between pump stations 
is determined largely by the profile of 


— 


_ *Presented before American Petroleum Institute, Chi- 
cago, Illinois, November 9, 1943. 


Fig. 1 


the line, so that the station spacing is 
less on the approach to the Alleghenys 
than on the downslope. The average 
spacing on the 6-in. west line is 34 miles. 
On the 8-in. line, it is 28.5 miles, and 
on the north line, 92 miles. 

Inasmuch as the Susquehanna Pipe 
Line was one of the first to be designed 
for products distribution, there was 
little past experience from which to 
draw. Accordingly, the first 32 miles 
were laid to Icedale, where the east and 
north branches were to originate at a 
tank farm. During construction the 
tanks were filled, and the design calcu- 
lations were found to check remark- 
ably well in the new pipe. As internal 
corrosion was not anticipated, no pro- 
visions for line cleaning were made. 


With the line in operation, friction 
measurements were made by taking 
pressure readings at numerous line vents 
while the pumping rate was held con- 
stant. These readings, corrected for ele- 
vations, served to check the linearity of 
the hydraulic gradient. Observations of 
this type, continued for some time, were 
eventually conclusive in showing that 
the friction was uniform within the 
limits of error over short line segments 
such as between pump stations. There 
were, however, considerable differences 
in friction in segments of line near and 
remote from the source of products. 
How much variation existed is illus- 
trated in Fig. 1, which shows the in- 
crease of friction with time and the im- 
provement realized by scrapping. For 
the purposes of this graph, friction data 
were reduced to the equivalent of 500 
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bbl. per hr. of 60-deg.-A.P.I. gasoline, 
using the relation: 


Qor 
Pune D?*+ a4 2 L 
Where: 

P = bb. per sq. in. friction loss in L 
miles at... . 

Q = bbl. per hr. pumping rate with 
fluid of .... 

o = density 


p. = absolute viscosity 

K = dimensionless constant 

This relation represents any friction 
measurements we have made well with- 
in our limits of error, and the most 
probable value of a varies from 1.90 
to 1.94. (This is slightly higher than 
the value of 1.85 often used in the 
modified Hazen-Williams formula. ) 

Although the corrections of the ob- 
servations plotted in Fig. 1 are made 
using 41.90, the C values were cal- 
culated on a slide rule based upon 
a=1.85 to correspond with accepted 
usage of the formula. Actually, inas- 
much as the test rates usually were of 
the order of 400 to 550 bbl. per hr., the 
differences in corrections are within the 
limits of observation whether 1.90 or 
1.85 is used for a. 

B. Means for combating corro- 
sion. In the case of the Susquehanna Pipe 
Line and connecting systems, the in- 
ternal corrosion of the line has presented 
chiefly a problem of maintenance of 
capacity. No evidence has yet indicated 
that serious internal pitting or reduc- 
tion of wall thickness has occurred. 
In a previous report’ a summary of the 
quantitative data on internal corrosion 
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Sealing 
Pressures 


of Service to the users of 








Cook’s Packings and Piston Rings 


Since 
1888 


T has been said a good product attracts able salesmen and capable service 
| men. This may be so, but we, the manufacturer of COOK'S Metallic Pack- 
ings and Piston Rings, feel we have been unusually fortunate in having our 
Mid-Continent activities in the hands of W. Woobank. We feel so good about 
it we are taking this means on the 25th anniversary of his association with us 
to publicly congratulate him on the excellent job he has done. We believe 
his host of friends share this feeling also and that they too join us in wishing 
him continued success and good health. 


Starting with an office in Tulsa with activities limited to the state of Oklahoma, 
Mr. Woobank extended his operations to cover new fields as they developed 
until today his territory takes in the whole of the Mid Continent with a 
branch office in Houston. 


Loyal, friendly, sincere and capable, Mr. Woobank is the kind of man you 
like to deal with—he is the kind we like to have represent us. 


C. LEE COOK MANUFACTURING CO. incorporates 
LOUISVILLE, KY. 


BALTIMORE ® BOSTON @ CHICAGO ®@ CLEVELAND © HOUSTON © LOS ANGELES © MOBILE © NEW ORLEANS @ NEW YORK @ SAN FRANCISCO @ TULSA 
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in several systems was given. Since that 
time, due to World War II, the experi- 
ments and observations on the Susque- 
hanna System have been very little ad- 
vanced. The next section of weighed 
pipe described in the report is due for 
removal in October, 1944. There is, 
however, still no reason to suspect that 
internal corrosion of the Susquehanna 
System averages in excess of 0.1 per 
cent of the pipe wall per year. Owing to 
the reversal of half the system, the 
higher rates of corrosion may now be 
expected in the opposite end of the re- 
versed line. The total débris removed 
per month, from scraper tanks and 
strainer baskets, is substantially the 
same now as in the past. 

The use of small test specimens in- 
troduced into the line has been entirely 
discontinued, because the data so ob- 
tained bore no useful relation to data 
taken from much greater areas of in- 
ternal pipe wall in actual service. 

The cause of interior corrosion is 
most apparently the water film which 
adheres to the inner pipe wall. In the 
presence of gasoline, or other products 
lighter than about 38 deg. A.P.I. grav- 
ity, the pipe wall is more easily wetted 
by water than by the products pumped. 
In the case of less refined heavier prod- 
ucts, some of the waxy constituents 
appear more able to wet the pipe wall 
than water and, therefore, tend to cover 
and protect it. In any case, the presence 
of the water film provides the mecha- 
nism needed for corrosion at low temper- 
atures, and the oxygen which can dis- 
solve into the static water film from 
the stream provides ample electrochem- 
ical energy for the process. 

In an untreated, unscraped line, the 
corrosion takes the form of small tu- 
bercles, each surrounding a small anodic 
area. The border of each area which is 
not corrosively attacked is cathodic due 
to the higher oxygen concentration. Be- 
cause of the thinness of the water film, 


the resistances of the electrolytic paths 
to the local action currents are increased 
as the tubercles grow. This eventually 
tends to limit the amount of corrosion 
from each anode, and to foster the for- 
mation of new anodes at adjacent 
points. Such a behavior is similar to 
corrosion in moist air. 

The rate of attack is multiplied great- 
ly by the presence of a good electrolytic, 
especially one containing halide anions. 
Because of the greater conductivity, the 
pits can grow both wider and deeper. 

The amount of water adhering to 
the pipe wall is difficult to determine. 
We estimate that the Susquehanna 6-in. 
line as presently scraped retains about 
1'% to 2 bbl. of water per mile. If more 
were retained, it would measurably af- 
fect the line displacement. 

The oxygen content of the gasoline 
is unknown at present, and is probably 
more variable now than in normal times. 
However, in order to oxidize the amount 
of iron removed as scale in one year, 
the average oxygen delivered to the pipe 
wall by the stream would amount to one 
part in 100,000 by weight of gasoline 
pumped. This is about one-tenth the 
amount of oxygen by weight required 
to saturate the gasoline stream at at- 
mospheric pressure. 

In view of the small total amount and 
even distribution of the interior corro- 
sion, the chief problem presented is that 
of maintaining enough line capacity. At 
present this can be accomplished eco- 
nomically by systematic scraping. On 
the average, two scrapers once each 
fortnight will maintain C factors of 
from 135 to 145; two scrapers once 
each week tends to reduce the differ- 
ences in line friction, and the values of 
C approach 145. More frequent scrap- 
ing has not been systematically tried. 

In general, the internal corrosion and 
the scrapers used to maintain the need- 
ed capacity have had no bad effects on 
the products pumped. The specifica- 





tions of those products from which 
débris has been separated have remained 
satisfactory to the shippers, and no 
deleterious effects have been noted in 
our observations. 

Scraping the line is done with simple 
rigid shaft-brush type of scrapers which 
depend upon the brushes and rubber 
driving disks to keep centered. The 
shafts are hollow, the 12-in. bore being 
restricted to a '4-in. orifice in the rear 
end of the 6-in. scrapers and toa ¥%-in. 
orifice in the rear end of the 8-in. scrap- 
ers. The fluid passage provides a jet to 
assist in freeing a scraper which may 
become jammed on débris. If the scrap- 
er does not free itself, the noise of the 
jet makes it easier to find. 

The orifice is at the rear of the 
shaft, so that particles small enough to 
enter will pass on freely through the 
bore. 

Scrapers are run in pairs spaced 15 
to 30 min. As they approach a pump 
station, the stream is turned into a set- 
tling tank which receives and settles 
out all débris. When scrapers are run 
regularly, the second scraper usually 
brings very little débris, and the stream 
behind it is clear and is turned back 
through the pumps. 

When conditions occur which pre- 
clude regular scraping, it is usually 
found best to run more than two scrap- 
ers at a time or to run pairs of scrapers 
at more frequent intervals to restore the 
line to its usual condition. 
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Contribution of Gulf Refining Company and 
Project 5 Corporation 


By WALTER F. ROGERS, Gulf Refining Company 


HE products pipe lines described 

and discussed herein consist of two 
separately owned systems. The first is 
312 miles of 8-in. line between Port Ar- 
thur, Texas, and El Dorado, Arkansas. 
This line is owned by the Gulf Refin- 
ing Company. This products line result- 
ed from reversing the direction of flow 
of a crude oil line used in former years 
to transport oil from the south Arkan- 
sas fields to tidewater at Port Arthur. 
The second is 151.6 miles of newly laid 
10-in. line from El Dorado, Arkansas, 


to Helena, Arkansas. This line is owned 
by the Project 5 Pipe Line Corporation. 
Other lines deliver refined products to 
the tank farm of the Project 5 Corpora- 
tion at El Dorado and make the differ- 
ence between the quantity of products 
furnished by the Gulf Company’s 8-in. 
line and the capacity of the 10-in. line. 
The treatment of these other lines for 
internal corrosion, however, is not a 
part of these data. 

Products carried. The products 
handled through the 463.6 miles of 8- 
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in. and 10-in. lines are housebrand gaso- 
line, premium-grade gasoline, and No. 
2 fuel oil. The proportionate quantities 
of gasoline and fuel oil handled by the 
8-in. are 63 per cent gasoline and 37 
per cent fuel oil. The 10-in. line handles 
82 per cent gasoline and 18 per cent 
fuel oil. 

Pressure. The most commonly used 
operating pressure along both the 8-in. 
and 10-in. lines is 750 lb. per sq. in. This 
is increased to 900 Ib. per sq. in. at two 
stations as the result of greater than 
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average spacings and topographical fea- 
tures. There are 11 pumping stations 
along the entire system, not including 
the terminal station. The spacing dis- 
tance varies from 23.39 to 61.92 miles. 

Capacity. The capacity of the 8-in. 
line varies between 20,000 bbl. and 
25,000 bbl. per day, and that of the 
10-in. line varies between 45,000 and 
55,000 bbl. per day. The variation is re- 
lated to the product handled. 

Pumping equipment. The pumping 
equipment of these lines is that which 
could be obtained under wartime re- 
strictions which prevented a selection 
based on peacetime available materials. 
As a result, a rather wide variation in 
equipment is found from station to sta- 
tion. The power end of the pumping 
equipment varies from steam to diesel 
engines to electric motors. The pumps 
vary through 5'4 by 16 simplex single- 
acting, 5'% by 16 triplex double-acting, 
and 6 by 24 duplex double-acting re- 
ciprocating pumps to 5- and 6-stage 
centrifugal pumps. Diesel engines and 
reciprocating plunger pumps are in the 
majority, as they are used at seven sta- 
tions; one station has steam-power 
equipment, and the remaining three use 
electrically-driven centrifugal pumps. 

Storage tanks. Storage tankage for 
in-and-out movement of the products 
was constructed at the origin of the 
line at Lucas, Texas, at the delivery 
point of the 8-in. system and start of 
the Project 5 line, which is El Dorado, 
Arkansas, and at Helena, Arkansas, the 
terminal point of the system. The first 
six intermediate stations use reciprocat- 
ing pumps, and float a tank on the line. 
he last three intermediate stations use 
centrifugal pumps, and deliver directly 
into the suction of the next station. At 
each of these stations a small tank is 
connected to the line through a relief 
valve. This tank is used only in case 
abnormal pressures develop and open 
the valve. The tank is a safety measure 
entirely, and is not used except as de- 
scribed. 

Method of calculating C factors. 
In accordance with the generally ac- 
cepted practice of products line oper- 
ators, the development of the internal 
corrosion is followed through calcula- 
tion of the C value of the line at fre- 
quent intervals. This C factor is obtain- 
ed from the modified Hazen-Williams 
formula: 
162.04Qg°-** 

d2-63po.54 


( 


W here: 

C = friction factor, 

Q = bbl. per hr., 

& = specific gravity of liquid han- 
dled, 

d = inside diameter of pipe, in., and 

P = pressure drop per mile, lb. per 

sq. in. 
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Regular monthly determinations are 
made of the C factors of this line be- 
tween each of the pumping stations. 
This procedure has been followed since 
shortly after the start of the operation 
of the line and, as a result, the condi- 
tion of the line is fairly well known. All 
C factors reported in the data which 
follow were obtained through the fore- 
going formula. 


Operation of line to prevent in- 
ternal corrosion. Perhaps the simplest 
method of describing the steps which 
have been taken to reduce internal cor- 
rosion of this line is to follow the line 
operation from its start. In September, 
1942, No. 2 fuel oil was started north 
from Port Arthur, and this movement 
was continued until about March, 1943. 
During this peroid C factors were cal- 
culated, and were found to lie in the 
range 150 to 155 for both the 8-in. and 
10-in. portions of the system. During 
this time no scale was obtained from 
the 8-in. line, and the only scale from 
the 10-in. line was that due to the grad- 
ual cleaning of residual scale and dirt 
from the newly laid pipe. Gasoline was 
started through the 10-in. line in March, 
1943, and since that time the relative 
proportion of 37 per cent fuel oil for 
the 8-in. line and 18 per cent fuel oil 
for the 10-in. line has been handled. 
Until June, 1943, all gasoline tankage 
kept a water bottom as a regular prac- 
tice, and water slugs through the line 
from this source were fairly common. 
During this time there were no scale 
traps in the line, and a swab-scraper 
program was carried out only at irreg- 
ular intervals. Although no change in C 
factor was noted, scale particles in the 
product were fairly numerous—result- 
ing in the inevitable problems of cut- 
packing and scored plungers of the re- 
ciprocating pumps. 

It was noted that quantity of scale 
received at each pump station followed 
a cycle dependent upon the product 
handled. As gasoline was put into the 
line following a block of fuel oil, a large 
amount of scale was obtained at the 
receiving station; this amount of scale 
then decreased to a more or less con- 
stant quantity as continued quanti- 
ties of gasoline were handled. The fuel 
oil following the gasoline then con- 
tained little or no scale after a small in- 
itial amount. After the block of fuel 
oil had passed, the first gasoline carried 
a slug of scale, the quantity then falling 
to a constant amount as before. The ex- 
planation of these phenomena is that 
corrosion of the pipe wall occurs when 
gasoline is handled. This corrosion slows 
materially or stops when fuel oil is han- 
dled, but the fuel oil exercises a soften- 
ing effect on the scale already formed. 
As gasoline passes this softened scale, 
the loosened quantities are swept into 
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the stream and carried along in the front 


of the block. 


After June, 1943, steps were taken to 
reduce the corrosion which was occur. 
ring, even though the C factors of the 
line were still in the 150 to 155 range, 
It is a recognized fact that the pres. 
ence of free water in the fluid pumped 
is the prime reason for the corrosion 
which occurs. It was recognized als 
that such corrosion as develops results 
in scale inclusions in the fluid stream 
which, in turn, severely damages both 
reciprocating and centrifugal pumps. 
Thus the first logical steps were to re. 
duce the water to a minimum and to 
provide means of trapping out such 
scale as gets into the fluid stream. In 
the work which followed, no claim to 
originality is made or implied. The rem. 
edial measures taken are largely a direct 
result of the experiences of others in 
the products pipe-line business. Some 
changes in design and technique may 
have been made, but they are of minor 
importance. 

Beginning about June, 1943, a con- 
stant scraper program was started. This 
requires the running of a 2-rubber swab 
scraper from each station at 5-day in- 
tervals. This scraper program is follow- 
ed regardless whether gasoline or fuel 
oil is handled. The second step was to 
remove all water from all tanks con- 
taining products handled by the sys- 
tem, and it is now regular practice to 
keep the tankage dry through a constant 
program of tank drainage. This step 
has greatly reduced the amount of wa- 
ter handled through the system. The 
third step was to put scale and water 
traps on the suction side of each station. 

These traps, for 8-in. pipe, are 24 
in. in diameter by 20 ft. long, and are 
mounted in a horizontal position. The 
fluid enters the top center of the drum 
through an 8 by .12-in. swage, and 
leaves each end of the drum through a 
12 by 8-in. swage. These drums are 
fitted with several 8-in. downspouts 
which lead from the bottom of the 24- 
in. to a horizontal section of 10-in. 
pipe. The water and scale which enter 
the top drum fall through the down- 
spouts to the lower drum, and are with- 
drawn each day. This settling-drum 
assembly is mounted in a bypass of the 
main line. A high-pressure small-dia- 
meter pipe leads from the pump dis- 
charge to the upstream side of the 
block valve in the main line. This small- 
diameter line is opened, and product 
circulation is used to flush into the set- 
tling drum any scale which may have 
accumulated in the dead space before 
the main line valve is opened to allow 
fluid flow to bypass the settling drum. 
A similar design of drum is used for the 
10-in. pipe, except that the pipe sizes 
are correspondingly greater. In this cas¢ 
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the main drum is 30 in. in diameter, the 
downspouts are 10 in. in diameter, and 
the lower drum is 12 in. in diameter. 


Since this threefold program was 
started about June, 1943, very small 
amounts of scale and water have been 
caught in the traps, and plunger and 
packing troubles largely have disap- 
peared. As an example of the quantities 
of water and scale caught in these traps, 
Station 4 during 15 days of September 
caught 59.5 Ib. of scale and 3 gal. of 
water. Station 5 during 30 days of Sep- 
tember caught 61 lb. of scale and 57 
gal. of water. Of this latter arnount 53 
eal. were caught as a single slug. The C 
factors of the line likewise are still 
high. Values of C factor since June 1 
are: 

Values of C Factor 


! Month 
Station n June July August Sept 
. 146 146 148 155 
. 155 150 151 152 
8 155 151 154 155 
4 s 159 157 161 162 
5 s 156 156 160 162 
. 152 154 153 155 
s 156 161 151 155 
5 10 155 152 152 152 
10 155 155 155 154 
10 155 153 154 155 
10 152 152 153 153 
In summary, this line has been in 


operation for 11 months to one year 
on fuel oil and gasoline. Due to the pre- 
cautions Ww hich have taken to 
keep water from the system, and due to 
possible corrosion reduction from the 
fuel oil handled, the line still has the 
same C factor as when new. The small 
amount of water handled and the use of 
scale traps are keeping the pumps from 
and repair costs on this 
Although 
changes in the present method of opera- 
tion may be required in the future if in- 


been 


undue 
item 


wear, 


are not excessive. 


ternal corrosion becomes serious, special 
treatment of the liquids handled with 
inhibitors has not been required to date. 

Laboratory tests on internal cor- 
rosion. Inasmuch as field evidence is 
that the handling of the No. 2 fuel oil 
is without corrosion attack on the steel 
pipe, a few laboratory tests were made 
to determine the magniture of this ef- 
fect. In these tests 250 ml. of gasoline 
or fuel oil and 50 ml. of water taken 
from the pipe line were placed in a pint 
fruit jar. Clean, weighed, steel speci- 
mens 1 in. by 2 in. by 20-gauge were 
attached in a vertical position to the 
rotating shaft of a 6-place stirrer, and 
these in turn were placed in the test 
liquid. The specimens were rotated at 
600 r.p.m. for 6 hours each day for 4 
days. At the end of this time the speci- 
mens were removed from test, cleaned, 
treweighed, and the weight loss deter- 
mined. In these tests the percentage of 
Water was 16.6 per cent of the total 
fluid. Gasoline or fuel oil pumped 
through the line contains far less water 
than this, but it was felt that a corro- 





sion rate obtained under this set of cir- 
cumstances would be in the right direc- 
tion. 

Several tests of this type were made 
using gasoline or fuel oil as the hydro- 
carbon liquid. The average of these tests 
gave the following weight losses. 


Results of corrosion tests 
Weight or loss per 


Hydrocarbon specimen, grams 
ics akancn Rion dese 0.1499 
No. 2 fuel oil 0.0191 


From these data it was learned that 
the corrosion rate of steel when han- 
dling fuel oil is only 12.8 per cent as 


Steel pipe 


great as when handling gasoline. It is 
realized that the same rates of corrosion 
attack were not obtained in these lab- 
oratory tests as are obtained in the 
field, but it is believed the ratio of at- 
tack of about 1 to 8 is applicable to 
field conditions, especially since they 
substantiate field results which show a 
lessened corrosion rate when handling 
fuel oil. ; 
Acknowledgment. The writer 
wishes to thank the executive depart- 
ment of the Gulf Refining Company 
for its kind permission to publish these 
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— skillful engineer. 
ing and installations, we are 
able to prove that our service 
is DOUBLY profitable and 
satisfactory to plant opera- 
tors who demand the very 
best in piping service and 
. . We have 


an advantage in that our ex- 


performance . 


perience covers a period of 
more than 20 years, involv- 
ing a wide field of piping 
installations. Important, too, 
is the fact that our key men 
are graduate mechanical or 
civil engineers with actual 
experience in industrial and 
process piping... It will be 
to your advantage to let us 
discuss the details of your in- 
dustrial piping problems with 


OU. 


< 


- INDUSTRIAL PIPING 
MECHANICAL CONTRACTORS 
PIPE LINE CONTRACTORS 
2809 CANTON - DALLAS, 
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Hydraulic Speed Control of Diesel 


Engines In Pipe Line Pumping Service* 


By J. RAY POLSTON, Engineer 
Stanolind Pipe Line Company 


IESEL engines as prime movers of 

pipe line pumping equipment 
have been in use for the last 30 years. 
Governors on the earlier type engines 
were crude and in most instances mere- 
ly an adaptation of the old steam engine 
fly-ball type. Later designs made use 
of spring loaded weights, the speed vari- 
ition being accomplished by varying 
the tension on a spring. More recent de- 
signs have made use of some of the prin- 
ciples of the older type governors, in- 
corporated with a hydraulic cylinder 
into which an oil pressure is maintained 
against a piston actuating the fuel con- 
trol system of the engine. 


Speed regulation with the former 
types was not particularly accurate; 
however, with engine speeds of that 
time ranging from 150 to 200 r.p.m., 
accurate speed regulation of pipe line 
pumping engines was not an essential- 
ity. 

With the advent of higher speed en- 
gines, better governors and better con- 
trol methods became imperative. These 
higher speed engines were found to be 
suitable for driving a different type of 
pumping equipment; namely, the cen- 
trifugal. Through a set of step up 
gears, speeds of 257 r.p.m. and above 
were readily increased to 1750 and 3600 
r.p.m. These speed ranges made possi- 
ble a cheaper and more flexible pipe line 
pumping unit than previously with the 
old low speed engines and reciprocat- 
ing pumps. This development brought 
forth additional! possibilities of increas- 
ing speeds of existing engine and pump 
installations, and supercharging of en- 
gines. With greater pump speeds and 
larger plunger sizes to utilize the addi- 
tional horsepower developed, the need 
for filling the pumps under pressure be- 
came apparent. 

Another problem of long standing 
confronting the pipe line engineer was 
enormous evaporation losses resulting 
from the old practice of floating a large 
tank on the suction to the pumps at 
each station. The oil received from the 
preceding station was either received 
directly into a tank where it was meas- 
ured and later pumped out, or it was 
teceived into the suction line to the 
pumps, between pumps and tanks. Eith- 
er method resulted in large evaporation 
losses. Extensive tests at one station 
handling more than 100,000 bbl. of 


*Presented before The American Society of Mechan- 
ical Engineers, Oil and Gas Power Division, Tulsa, Okla- 
ioma, May 8-10, 1944. 


crude oil daily showed an evaporation 
loss amounting to more than $40 per 
day. The need for a closed pumping 
system became apparent and the back- 
pressure control valve was designed. 
The installation of this device is shown 
in Fig. 1. This consists of a diaphragm 
operated, balanced-inner-valve, relief- 
type, spring-loaded regulator installed 
in the tank suction line between the 
tank and incoming receiving line con- 
nection. A swing check valve is in- 
stalled on a bypass connection around 
regulator valve to permit pumps tak- 
ing suction directly from the tank when 
pumping more oil than is received. 

By carrying 10 to 15 Ib. pressure on 
the suction of the pumps, two purposes 
were accomplished. First, the pumps 
that had been increased in speed and ca- 
pacity were adequately filled, thus in- 
creasing their volumetric efficiency. 
Second, the oil for great distances could 
be kept moving through the pipe line 
without going in and out of tanks at 
each station; consequently, excessive 
evaporation losses are avoided. 

The development of the back-pres- 
sure control valve and its use made pos- 
sible a means of controlling the speed 
of pumping engines hydraulically for 
synchronizing the speed and pumpin 
rate of one station with another. This 
was accomplished over a period of about 
one year during which several different 


P 615.6 


types of devices were designed and 
tested, 


The hydraulic speed control governs 
the speed of the engine by positioning 
the governor control spring by means 
of pressure from the suction of the 
pump. Its purpose is to control auto- 
matically the pumping rate of an entire 
pump station or group of stations from 
the pressure on the incoming lines so 
that a minimum of liquid will pass in 
and out of the working tanks to reduce 
evaporation losses. This control is so 
sensitive that the pumping rate of an 
entire six unit pump station may be 
controlled by varying the speed of only 
one of the larger pumping units. It is 
advisable, however, to install hydraulic 
control on two engines in order to pro- 
vide flexibility of operation and for 
shutting down to make adjustment and 
repairs. 

Any acceptable design must permit 
the engine governor to operate against 
the speeder spring originally furnished 
by the manufacturer and include means 
for disengaging the hydraulic device 
for manual control. It must also pro- 
vide limit stops for the traveling part 
of the hydraulic device to prevent the 
danger of excess engine speed. Excess 
pressures do not affect the operation. 
The stops are set for the minimum en- 
gine speed at zero pressure and for 
maximum speed at the predetermined 
maximum pressure. Pressure in excess 
of the predetermined maximum will 
not further increase the engine speed. 

Direct piston operated control. 
Figs. 2 and 3 are outline and sectional 
elevations of a direct piston operated 
hydraulic control for Jahns governor 
on a 250-hp. engine. 

The governor speeder spring is in- 
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Fig. 1. Diagrammatic layout showing hydraulic control on two units 
of a six unit pump station 
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stalled so it will oppose the hydraulical- 
ly operated piston. An increase of pump 
suction pressure causes the piston to 
compress the spring, which in turn 
exerts pressure on the speed control rod. 
A drop in pressure reverses this proced- 
ure. Upward movement of the speed 
control rod causes an increase, and 
downward movement a decrease of the 
engine speed. 

For hydraulic operation, the pressure 
valve is open and drain valve is closed. 

Manual operation is accomplished by 
shutting off the hydraulic pressure and 
operating the manual adjusting wheel. 
The piston rests on bottom end of hy- 
draulic cylinder and the adjusting wheel 
compresses governor speed changing 
spring to the desired engine speed. The 
small wheel above the manual adjust- 
ing wheel is used for locking the latter 
in any desired position. 

Piston operated speed screw con- 
trol. Fig. 4 shows a piston operated 
speed screw control for Woodward gov- 
ernor on a 1000-hp. engine. 


Pump suction pressure forces piston 
upward and the gear rack turns the 
small inside engaging gear and the large 
outside gear. The large gear engages 
and rotates the small gear on the speed- 
er screw extension shaft. Rotation of the 
extension shaft and speeder screw shaft 
are simultaneous as indicated in Fig. 4. 
The engine speed varies with the circu- 
lar position of the speeder screw shaft. 
The stationary position of piston is fixed 


by the spring for any given pressure 
in the hydraulic cylinder. A corre- 
sponding circular position of the speeder 
screw shaft is taken for any fixed posi- 
tion of the piston. The total piston 
travel represents total rotary movement 
of the governor speeder screw shaft. 
To disengage the hydraulic device the 
operator pushes in on the knob on outer 
end of speeder screw extension shaft. A 
spring actuated steel ball holds shaft in 
either “in” or ‘“‘out” position as indi- 
cated in plan view of Fig. 4. When the 
hydraulic device is cut out the engine 
governor is operated manually. 


Direct bellows operated control. 
Fig. 5 shows a direct bellows operated 
control for Woodward governor on a 
250 hp. engine. 


The sylphon bellows are installed in- 
side of the hydraulic cylinder. Pump 
suction pressure on the closed upper end 
forces it down until the effective hy- 
draulic force equals the combined op- 
posing forces of the bellows, the bellows 
spring, and the governor speeder spring. 
The bellows push rod is attached to the 
upper inside end of bellows. The speeder 
spring push rod moves up and down 
through push rod guide bushing with 
upper end of speeder spring. Down- 
ward movement of upper end of bel- 
lows thus causes a corresponding move- 
ment of upper end of speeder spring and 
thereby compresses it permitting more 
fuel oil to be pumped to engine cylin- 
ders. 


A decrease of hydraulic pressure in 
hydraulic cylinder permits bellows 
spring to force top end of bellows up- 
ward. The governor speeder spring ex- 
pands a like amount, moving speeder 
spring push rod upward. The expansion 
of speeder spring permits governor to 
reset and reduce the engine speed. At 
constant hydraulic pressure, the engine 
speed is constant. 

The pressure operating range may be 
altered by changing position of threaded 
adjustment nut. By screwing nut in, the 
bellows spring compresses to raise the 
pressure at which the hydraulic device 
operates. By screwing it out, the spring 
expands to lower it. 

The locknut on speeder spring push 
rod acts as travel stop for the control. 
The push rod cap is also locked in posi- 
tion with a cotter pin as a safety pre- 
caution. 

For manual control the pressure 
valve is closed and drain valve open. 
The knob on speeder screw shaft, shown 
in Fig. 5, is rotated by hand. The 
speeder screw shaft is connected 
through a gear train to the rack on one 
side of speeder spring cap. Downward 
movement of the cap compresses speeder 
spring for increasing the engine speed 
in same manner as described above for 
hydraulic operation. 

Bellows operated pilot control. 
Fig. 6 shows a bellows operated pilot 
control for Woodward governor on a 
730 hp. engine. 





























































Enoine 
CAMSHAFT <r 


Put. ume 


VERTICAL |” 
: - 
HAPT 











—y" Roo S.ittve 


Wreer For LOCKING 
> Position Or MANUAL 
AdJUSTING WHttL 


MANUAL ADJUSTING 
Weeer 


MYORAULIC Sptto 
CONTROL 


Parssurt Vat 
= Sp = + 3 
* Suction 


Pacssuee NC =SpeEO CONTROL 


Daain VALVE 


~ 


Support 
BRACKET 


SPLtO CONTROL ROO 
















, Seten Conrror 
GOVERNOR Lever 
ARW 


JAHNS |Governod 









FORKEO Governor 
Ltverm ARM 


Figs. 2 and 3. Outline and sectional elevations of direct piston operated hydraulic control 
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Call for Dresser Couplings for any pipe-joining job! 
Strong, compact, and ready-to-use, they make instal- 
lation a fast, easy operation—even under difficult con- 
ditions. Expansion, contraction, deflection, vibration 
offer no hazard to their steady, trouble-free perform- 
ance. “Dressers” stay permanently tight under internal 
or external pressure, or vacuum, and are readily de- 
mountable for re-use on temporary lines. Inquiries 
cordially invited. 


Complete line of flexible Couplings, Fittings, Repair 
Clamps and Sleeves ‘for 
y CON practically all kinds 


S . 
a Kgre WSS R WWE and sizes of pipe, 
RAN CSS - 
\N \\o Houston Office and (= v =n 


Warehouse rama wy 
1121 Rothwell Street | —_— 7S SS El 
Section 16, Houston, Texas — ) \ 


GASKET PRE StOP| | PLAIN-END PIPE 
Conada: Dresser Manufacturing Co., Lid., 60 Front St., West, Toronto, Ont. \ | :, 
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| Working Principle—The flexible Dresser 
RESSER AN \) FACTURING OMPANY seal is effected by resilient gaskets com- 
a pressed between metal rings and against the 
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The bellows and pilot valve control 
assembly are fitted together in a special 
housing that replaces the governor cov- 
er plate. 

The adjusting screw between speeder 
spring and the floating differential pis- 
ton is used to adjust the governor be- 
tween minimum and maximum speeds. 
The pilot valve plunger controls ver- 
tical movement of differential piston 
by directing the governor accumulator 
pressure to and from its upper large 
diameter. Downward movement of dif- 
ferential piston compresses governor 
speeder spring causing the governor ad- 
justment to be increased with subse- 
quent increase of engine speed. 

Governor accumulator pressure is 
maintained around the lower small dia- 
meter of the differential piston. Move- 
ment of pilot valve plunger uncovers 
port in differential piston to admit or 
release pressure to or from upper large 
diameter. Downward movement admits 
pressure and upward movement releases 
pressure. Pressure differential causes 
identical vertical movement of pilot 
valve plunger and differential piston. 

When pump suction pressure, in an- 
nulus surrounding the sylphon bellows, 
compresses bellows, the pilot valve 
plunger is forced downward by the 
pressure transmitted through push rod 
and push rod lever. This admits gov- 
ernor accumulator pressure to large 
diameter of differential piston. A re- 
duction in pump suction pressure per- 
mits bellows spring pressure to expand 
the bellows, and pilot valve spring lifts 
pilot valve plunger, releasing pressure 
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Fig. 6. Bellows operated pilot control 
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from large diameter of differential pis- 
ton. 

The speed control may be made inac- 
tive by increasing the engine speed by 
manual adjustment, to a value above 
that being maintained by the speed con- 
trol while maintaining the desired pump 
suction pressure. To cut the speed con- 
trol out of service for complete manual 
operation, the pump suction pressure is 
shut off and drain valve opened. 

Results and conclusions. The fol- 
lowing results have been obtained from 
combined use of hydraulic speed con- 
trol and back pressure regulator valve: 


(1) Reduced evaporation losses. 

(2) Improved filling of pumps, thus 
permitting an increase of pump speed 
for providing additional capacity of 
present equipment. 

(3) Permitted increase in velocity 
of oil in pump suction lines. 

(4) Greater sensitivity of operation, 
i.e., leaks are more readily detected in 
lines with controlled suction pressure. 

In some instances, at stations pump- 
ing to terminals, recording tachometers 
have been installed in conjunction with 
the hydraulic speed control that record 
engine speed variations. It also provides 
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Fig. 4. Piston operated speed screw control 
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‘Putting Permanence in Pipe” 


MAYES BROTHERS 


IPE CLEANING, COATING AND WRAPPING 
Any Coating and Wrapping Specification 
HOUSTON, TEXAS 
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Complete Re-conditioning Service For Old Pipe 
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Post-War Battles Call for 
NAYLOR PIPE, Too! 


Post-war pipe line problems will be simplified 
through the outstanding performance of Naylor 
Pipe with its exclusive Lockseam Spiralweld. Here’s 
performance that no other light-weight pipe can 
match in extra strength, leaktightness and safety. 
The same advantages that have made Naylor a de- 
pendable supply weapon on the battle fronts make 
it a practical answer to peacetime requirements. 
Sizes from 4” to 30” in diameter with all types of 
fittings, connections and fabrication. 


NAYLOR THREADED SURFACE CASING 


offers substantial economies, 
€ larly where field welding is impractical. 

The spiral helps centralize this casing 
in the hole. Uniform lengths, light weight and 
accurate threading speed handling and setting. 
Sizes from 13%” O.D. to 20” O.D. 
changeable with A.P.I. standard casing. 
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a record of engine operation and has 
proved valuable in determining the 
cause of pressure drop in discharge lines 
or any variation in deliveries at termi- 
nals. 

Although no definite figures are avail- 
able that show the savings resulting 
from the use of hydraulic speed control 
on pipe line pumping engines, it is be- 
lieved, after 6 years of development 
and testing this principle at certain sta- 
tions, that an appreciable reduction in 
evaporation losses has been effected, 
Our company has not made full use 
of the possibilities of hydraulic speed 
control; however, it is expected that the 
principle may eventually be used ex- 
tensively, and it is our opinion that com- 
plete closed pumping systems for great 
distances are possible. 

The author offers his apologies for 
having digressed in some instances from 
the main subject of diesel engines. How- 
ever, it should be understood that the 
operating, maintenance, and control 
methods of diesel engines in pipe line 
service are so interrelated to many other 
pipe line engineering problems that it 
is difficult to cover thoroughly one sub- 
ject without including some of the more 
closely related problems. 

Acknowledgment. W. G. Heltzel 
and J. B. Harshman collaborated with 
the writer in development of this equip- 
ment. The writer also wishes to thank 
Mr. Harshman for helpful assistance in 
preparation of this paper. 

C. C. Keane and F. E. Richardson 
built the first direct bellows type con- 
trol for the Great Lakes Pipe Line Com- 
pany. 

The Woodward Governor Company 
manufactured the first bellows operated 
pilot control for the Stanolind Pipe 
Line Company. 

——— ww — 





Somastic Pipe Coating 


And Cathodic Protection 


Freedom of leaks from corro- 
sion and a long life for a pipe line 
can be readily obtained in prac- 
tice. This end is reached through 
the use of Somastic, which usual- 
ly is or can be rendered entirely 
continuous and which is lasting. 
Discontinuities in the coating ex- 
isting undetected or through 
practical necessity can be pro- 
tected as a measure of insurance 
and at negligible cost by means of 
cathodic protection. 


—Abstract from paper by Gordon N. 
Scott, National Association of Cor- 
rosion Engineers, Houston, Texas, 
April, 1944. 
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Suggested Formula for Calculating Capacity of 


NTERNAL corrosion of gasoline and 

products pipe lines first brings itself 
‘9 notice by a reduction in the capacity. 
This reduction in capacity is principally 
caused by roughening of the pipe wall 
due to the formation of corrosion prod- 
ucts. It is doubted that there is any 
appreciable decrease in the mean diame- 
ter of the pipe caused by the formation 
of corrosion products on the walls. This 
éfect of internal corrosion is so im- 
portant that the capacities of some lines 
handling gasoline have decreased 10 to 
15 per cent within a few years. Most 
operators of products pipe lines now 
resort to scraping, the use of inhibitors, 
or both in an effort to counteract the 
effects of internal corrosion and main- 
tain their lines at or near the original 
capacity. Another result of internal 
corrosion, perforation of the pipe wall 
causing leaks, may be equally impor- 
tant, but it does not occur so quickly. 
It will not be discussed herein. 

The importance of the capacity 
losses which may result from internal 
corrosion, and their relation to the eco- 
nomical operation of products lines, 
makes it desirable to have some con- 
venient means for expressing the condi- 
tion or roughness of the line. Such a 
factor, to be most useful and univer- 
sally applicable, should depend only on 
the condition of the line in question, 
and should not vary with any of the 
other factors entering into its operation. 

The Hazen-Williams formula origi- 
nally was developed by engineers for 
use when water was the flowing liquid. 
When so used, the factor C in this for- 
mula was a pure line-condition of 
roughness factor, as the viscosity of the 
liquid did not change (except slightly, 


Products Pipe Lines* 


By T. R. AUDE 
Stanolind Pipe Line Company 


Many engineers have employed the 
Hazen-Williams formula successfully 
for designing pipe lines for the trans- 
portation of gasolines. It works very 
nicely as long as gasoline is the only 
product handled, inasmuch as the vis- 
cosity is fairly constant—although the 
values of C for gasoline differ from 
those for water in the same pipe. How- 
ever, when products other than gaso- 
lines are to be transported by a products 
line, it is found that a different value 
of C must be employed for each dif- 
ferent fluid. If, as is frequently the case, 
a single line contains slugs of several 
different products at the same time, it 
does not seem consistent to employ a 
formula which requires the use of a dif- 
ferent C factor for each product when 
it is remembered that the factor C orig- 
inally was intended to be a roughness 
factor, and is generally referred to as 
such. 


The Fanning formula: 
™ flv? 
= ie -e« es ce 2 Ge 
Where: 
h = head, in ft., 
f = friction factor, 
] = length, in ft., 
v = velocity, in ft. per sec., 
d = diameter, in ft., and 
= acceleration due to gravity 
(32.2 ft. per sec. per sec.), 
or its modification, has had wide appli- 
cation to the flow of many different 
fluids in tubes. As this formula is a 
mathematical expression of fundamen- 
tal physical principles, it appears that, 
if properly evaluated, it should apply 


due to temperature). This formula has withstood the test of 


years of use by engineers in designing water systems, and the 
handbooks contain reliable tables of average values of C for all 
types of pipe commonly used in water lines. 


*Presented before American Petroleum Institute, Chi- 
49, Illinois, November 9, 1943. 
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to any problem concerning the flow of 
fluids in pipes. 

Converting this formula to more 
conventional pipeline units it becomes: 


B*s 
P=34.837f =... - (2) 
Where: 
P = friction loss, lb. per sq. in. per 
mile, 


f = friction factor, 
B = bbl. (42-gal.) per hr., 
s = specific gravity, and 
D = inside diameter of pipe, in. 
It has been shown by many investi- 
gators that the friction factor f in the 
foregoing formula is a function of the 


dimensionless expression , com- 


monly called the Reynold’s Number 
and designated by the symbol R. Using 
the same conventional pipe-line units 
as in equation (2), this becomes 


__ 2212.OBs 





= ee es 
where: u = absolute viscosity in cen- 
tipoises. 

Heltzel' used Fanning’s formula, 


equation (2), in his investigation of 
flow in crude oil pipe lines. He found 
that Stanton and Pannell’s*? data for 
smooth tubes yielded a curve for the 
relation f = #R, which checked very 
closely with actual conditions for crude 
oil in 8-in. and 12-in. commercial pipe. 

The use of the Fanning formula in 
connection with a curve for values of 
f is somewhat cumbersome, particu- 
larly so when many problems must be 
solved. In order to construct charts and 
a slide rule for the more convenient 
solution of capacity problems, and to 
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derive equivalent-length formulas for 
multiple parallel pipeline systems’, it is 
necessary that some empirical relation 
be found for the expression f = ®R. 


Stanton and Pannell’s data do not 
produce a straight line when f is plotted 
against values of R on double log paper. 
However, that portion of the curve, 
along which fall points representing 
most rates of flow in products lines, 
may be very closely approximated by 
the straight line whose equation is: 

0.157 
re 


Fig. 1 shows a number of points rep- 
resenting actual operations of a 6-in. 
and two 8-in. lines handling refined 
0.337 
—— 

Substituting the value of R from 
equation (3) in equation (4), it be- 
comes: 


" products, and the line f = 


| cai 


f =— 0.0369 ur Bo.188 gviss (5) 


Then, by substituting this value of 
f in Heltzel’s form of the Fanning 
equation, the latter becomes: 
a. 
P = 1.285 —_ . (6) 
This is the equation derived by 
Heltzel* for flow in crude oil pipe lines 
for values of the Reynold’s Number 
greater than 57,600. It has been found 
to correspond very closely to actual 
operation of new 6-in. and 8-in. lines 
handling refined products. Fig. 2 shows 
lines plotted from this equation for a 
6-in. line handling 64-deg-A.P.I. gaso- 
line, and an 8-in. line handling 64-deg- 
A.P.I. gasoline and 38-deg-A.P.I. kero- 


O,1SS8 .0,812 





sine. In Fig. 2 are also plotted points 
showing actual operations of these pipe 
lines. The fit is as good as could be ex- 
pected. 

Equation (6) should be used only 
for new products lines or those whose 
condition (capacity) is equal to new. 
It is suggested that any roughening of 
the pipe wall, in effect, would increase 
the values of the friction factor f in 
Fannings formula. I propose to intro- 
duce a line-condition factor, or rough- 
ness factor, K, to provide for changes in 
friction factor due to internal corro- 
sion. For convenience, this factor will 
be introduced in such a manner that 
its value will be the ratio of the line 
capacity at any time to the capacity of 
the line when new. Equation (4) then 
becomes: 

0.237 
K!:™! 4 Re.tss 
Equation (5) becomes: 
0.0369 
K}-5?- (u™ 
And equation (6) becomes: 
- 1.285 Bitte yiet8s state 

P Ki-s!2 P4512 . (9) 

The factor K would be 1 for new 
steel (smooth) pipe, and its value 
would decrease with increasing rough- 
ness. It may be possible to find a cor- 
relation between K and age of line for 
lines in which scrapers or inhibitors 
have not been used. In 


(7) 


Tie 
) Be-t88 50.188 (8) 


lines where 
scrapers or inhibitors are used, the value 
of K will have to be determined by 
experiment. 

If we now solve equation (9) for B 
we get: 
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REPUTATION 


In the Engineering field, as in any business, it is unspectacu- 
lar things that count most in the long run... accuracy, de- 
pendability, thoroughness. Good Engineering, we have 
learned, can and does beget a good reputation for soundness. 

Our organization of Engineers and practical construction 
men is a trained and co-ordinated group prepared to meet, 
quickly and economically, the growing demands of American 
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Coupling Bonding on Gas Lines 


In his fight against corrosion, the 
engineer in the natural gas industry 
has one problem that is not encoun. 
tered in other industries. The major 
portion of natural gas lines are con- 
structed with mechanical couplings 
having rubber gaskets, which occur 
every 20 to 40 ft. In the application 
of cathodic protection it is necessary 
that they be electrically bonded 50 
that the pipe line is a continuous 
structure providing a low resistance 
metallic path in the pipe for the d-c, 
current return. —F. J. McElhatton, 
National Association of Corrosion Engi. 
neers, Houston, Texas, April, 1944, 











l pe.552 D*-856 
B= 0.871K (—3)( 0.448 
) 
) 


nn te cit ts 2h ta ste 

By substituting aC (a—a constant 
for the term 0.871K in equation (10), 
we get: 


1 Po.552 pp2.cs6 
B= aC ( az) ( 60.448 


(11) 


This equation is practically the same 


as the Hazen-Williams formula (ex- 
pressed in the same units) : 
pe®-54 D?-68 
B = 0.00616C 454 (12) 


except for the inclusion of the viscosity 


term: —, 35, in equation (11). The 
ue 


small differences in the exponents in the 
two formulas will be of very little ef- 
fect in the range of normal operations. 
The use of the factor K as in equa- 
tions (9) and (10) is recommended as 
being a fundamentally sound and con- 
venient method for expressing the 
roughness of a pipe line as it affects 
capacity. K might be referred to as the 
“specific line-condition factor,” as it 
is the ratio of the capacity of any pipe 
to the capacity of smooth pipe. For ex- 
ample, a pipe line which, when new, 
had a capacity of 10,000 bbl. per day 
but due to internal corrosion has had 
its capacity reduced to 9500 bbl. per 
day, would have a K factor of 0.95. 
The introduction of a viscosity term 
in the Hazen-Williams formula, equa- 
tion (12), would make that formula 
equally applicable. Then C would be 
true roughness coefficient, and its values 
would be the same for any product. 
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Cracking With Catalysts* 


By C. L. THOMAS, N. K. ANDERSON, 


H. A. BECKER and J. McAFEE 
Universal Oil Products Company 


T is the purpose of this paper to dis- 
cuss some of the fundamental prin- 
ciples of cracking catalysts and the 
catalytic cracking process, to give typ- 
ical results over rather wide ranges of 
operating conditions and charging stock 
quality, give a brief description of pres- 
ent commercial designs of the fluid cat- 
alyst units, and point out some of the 
contributions of the Universal Oil Prod- 
ucts Company to the process as it is now 
known. 

In its simplest form, catalytic crack- 
ing requires a catalyst and some means 
for contacting the oil with the catalyst. 
During the reaction the catalyst be- 
comes fouled with carbonaceous ma- 
terial, and this deposit is customarily 
removed by combustion. For a better 
understanding it is advisable to study 
the separate elements comprising cat- 
alyst cracking. 

Catalysts. It seems certain that an- 
hydrous aluminum chloride was the 
first catalyst used for cracking. The 
process employing this catalyst was de- 
veloped by A. M. McAfee in 1913-15. 
The first catalytic cracking of the type 
known today may have occurred, in a 
minor way, incidental to clay treating. 
It is now generally known that many 
of the clays used for treating have some 
cracking activity. Of these clays one 
type, known as bentonite, forms active 
catalysts after having been treated with 
an acid. Montmorillonite, a nonswell- 
ing bentonite, has been used widely af- 
ter acid treating.’ Montmorillonite is 
ahydrosilicate of aluminum with a well 
defined crystal structure; it has the 
idealized composition of Al,O,. 4SiO.,. 
xH,O. Usually the montmorillonite oc- 
curs with some of the alumina replaced 
by other oxides, such as magnesium 
oxide or iron oxide. If the catalyst is 
heated to about 1200°F. or higher, 
changes take place in the crystal struc- 
ture, so that the catalytic activity is 
lost. 

The pioneering research on catalytic 
cracking embodied intensive investiga- 
tions and tests of the different types of 
catalysts—natural and synthetic. The 
limitations of the natural clay catalysts 
emphasized the many potential advan- 
tages of a manufactured catalyst. Early 
research, conducted by Hans Tropsch,” 
laid the foundation and led the way for 
those who followed. After his death, 
his associates discovered many addi- 
tional synthetic catalysts, including the 
silica-alumina types. Further, they 

4 


before American Petroleum Institute, Chi- 
I s, November 10, 1943 


found that, when these are suitably pre- 


pared, they are more stable at high 


temperatures and more active than cat- 
alysts from natural sources. In the 
course of this development certain fun- 
damental principles were discovered: * * 

1. The silica and the alumina should 
be prepared in a hydrated form by pre- 
cipitation or gel formation. 

2. The hydrated silica and hydrated 
alumina could be precipitated either to- 
gether or separately and then blended. 

3. The finished catalyst should be 
substantially free from soluble metal 
compounds. Because the catalyst was 
ordinarily prepared from water glass 
(sodium of potassium silicates) , special 
washing methods were developed to 
purify to the proper extent. 

We believe that every truly synthetic 
cracking catalyst now used in the avia- 
tion gasoline program embodies in the 
method of its manufacture the forego- 
ing basic principles. 

Synthetic silica-alumina catalyst was 
selected for use in commercial fluid cat- 
alytic cracking units. The UOP type 
“A” catalyst, which is now in commer- 
cial production, is completely synthetic 
silica-alumina especially prepared for 
fluid units. Under Universal test condi- 
tions it has a higher activity than any of 
the natural silicate catalysts, and it is 
more stable at high temperatures. The 
superiority of the synthetic catalyst 
over natural catalysts is perhaps best 
illustrated by a test that applied to the 
commercially produced catalyst as a 
quality control. The catalyst is heated 
to 1650° F. for 6 hr. and then tested 
for activity; at least 50 per cent activity 
must remain after this test. Natural 
catalyst thus tested was reduced to 0 
per cent activity. 

Life tests were also made on the 
UOP type “A” catalyst in which the 
temperature of the catalyst was allowed 
to rise to 1300°F. during each regen- 
eration for 12 regenerations each day 
for 300 days. During this period more 
than 300 gal. of catalytically cracked 
gasoline were produced for each pound 
of catalyst. 


These tests emphasize the ruggedness 
of the type “A” catalyst. But even af- 
ter methods had been found for obtain- 
ing such stability on catalyst produced 
in the laboratory, there remained the 
problems of commercial manufacture. 
Methods for controlling the precipita- 
tion and for washing the product had 
to be worked out. Both the American 
Cyanamid and Chemical Company and 


THE PETROLEUM ENGINEER, Reference Annual, 1944 


P 721.33 


the Chicago Chemical Company co- 
operated in the solution of these prob- 
lems. Each company now operates a 
commercial catalyst manufacturing 
plant built on the basis of this work, 
and the catalyst is made according to 
UOP specifications. Samples frequently 
are tested by Universal to insure the 
quality. 

What makes the synthetic silica- 
alumina a cracking catalyst? So far 
only part of the answer is known. Each 
particle of catalyst is highly porous and 
these pores are extremely small. Large 
surfaces are required to form the walls 
of these small pores; therefore, a single 
pound of good cracking catalyst has 
approximately 50 acres of such surface. 
It is also known that without this sur- 
face the white powder ceases to be a 
catalyst, even though the chemical 
composition remains unchanged. Strict- 
ly speaking, instead of tons of catalyst 
being made each day, actually millions 
of acres of cracking catalyst surface are 
produced. 

The catalysts derived from natural 
clays also have large surfaces. If both 
natural montmorillonite catalysts and 
the synthetic catalyst are comprised of 
silica and alumina, what is the differ- 
ence between them? Is the synthetic 
catalyst more active and more stable 
just because it is purer? The available 
evidence seems conclusive that the two 
catalysts are quite different. According 
to X-ray diffraction results, the natural 
catalysts are crystalline whereas the 
synthetic catalyst is amorphous. The 
results obtained when cracking with 
the two catalysts are different. For a 
given gas oil consumption, the natural 
catalysts produce more gasoline and 
less gas than the synthetic silica- 
alumina. At the same time the gasoline 
produced by natural catalysts is more 
olefinic and less aromatic than that pro- 
duced by the synthetic catalyst under 
comparable conditions. The synthetic 
catalyst, although more expensive, is 
very much superior to the natural 
catalyst for the production of aviation 
base stock because of the low olefinic 
and high aromatic content of the gaso- 
line. 

Contacting oil with catalytists. 
When oil vapors are contacted with 
either natural or synthetic catalysts, a 
portion of the oil is converted into 
other products. The extent of the con- 
version is dependent upon the operating 
conditions used. 


Effect of process variables on con- 
version. The most obvious method of 
contacting oil with catalyst is to pass 
oil vapors through a fixed bed of cata- 
lyst. The variables in such an operation 
are: (1) temperature; (2) pressure; 
(3) the quantity of oil charged per 
unit of time per unit of catalyst (space 
velocity), and (4) the length of time 
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the oil is passed through the bed before 
regeneration (process period). The 
process variables and their effects on 
conversion of the charging stock may 
be summarized as follows: 

1. Temperature: An increase in tem- 
perature increases the conversion. The 
usual temperatures are in the range of 
600 to 1100 °F. 

2. Pressure: An increase in system 
pressure results in an increase of con- 
version. Usual pressure ranges are at- 
mospheric to 100 Ib. per sq. in. 

3. Space velocity: A decrease in 
space velocity increases conversion. 
Two definitions of space velocity are 
common: liquid hourly space velocity 
—the ratio of the volume of the oil 
charged per hour to the volume of the 
catalyst in the reactor; and weight 
hourly space velocity—the ratio of the 
weight of the oil charged per hour to 
the weight of the catalyst in the re- 
actor. Usual space velocities are 0.1 to 
10. 

4. Process period: A decrease in the 
length of the process period serves to 
increase conversion. The process period 
may be as short as one minute and as 
long as several hours. 

In the fluid catalytic cracking proc- 
ess the conversion of oil into other 
products is dependent upon these same 
variables. The definition of weight 
hourly space velocity is, just as prev- 
iously, the weight of oil charged per 
hour per weight of catalyst in the re- 
action zone. The weight of catalyst in 
the reaction zone remains constant, al- 
though there is a continuous flow of 
regenerated catalyst entering the re- 
actor and spent catalyst leaving it. 
From the rate of flow of catalyst to 
the reactor and the weight of the cata- 
lyst in that vessel, it is possible to calcu- 
late the average residence time of a par- 
ticle of catalyst in the reaction zone. 
This average catalyst residence time is 
closely analogous to the process period 
of the fixed bed. 

In the fluid process it is convenient 
to use the concept of catalyst-oil ratio, 
which is defined as the ratio of the 
weight of catalyst entering the reactor 
per hour to the weight of oil charged 
per hour. From the units of the three 
quantities—weight hourly space veloc- 
ity, residence time of the catalyst, and 
catalyst-oil ratio—it is found that their 
product is equal to unity. From this 
fact it follows that, at constant weight 
hourly space velocity, anincreasedcata- 
lyst-oil ratio corresponds to a shorter 
residence time of the catalyst and, 
hence, results in an increased conver- 
sion. ‘ 

An increase in conversion, therefore, 
can be obtained by: (1) a higher tem- 
perature; (2) a higher pressure; (3) a 
lower space velocity; and (4) a higher 
catalyst-oil ratio. 
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Product distribution in once- 
through fluid catalytic cracking. 
The next information necessary for an 
understanding of catalytic cracking 
has been called product distribution, 
i.e., the relative yields of various hydro- 
carbon fractions at any given conver- 
sion level. It has been found that the 
most important factors affecting prod- 
uct distribution are type of the catalyst, 
the conversion level, the temperature, 
and the quality of the charging stock. 
The influence of the nature of the cata- 
lyst has already been discussed. Inas- 
much as only synthetic catalysts are to 
be used in fluid units for aviation gaso- 
line production, the present discussion 
will be limited to UOP type “A” cata- 
lyst. 

The effect of the conversion level on 
product distribution is shown graphi- 
cally in Fig. 1. In these curves the 
term “conversion” is used in a general 
sense to mean the degree to which the 
cracking reactions have proceeded. 
“Conversion” may be expressed quan- 
titatively as gas oil disappearance, as 


the yield of gasoline and gas or, prefer. 
ably in some instances, as the yield of 
C, plus lighter hydrocarbons. As shown 
in Fig. 1, the production of dry gas 
(C; and lighter) increases continuously 
at an accelerating rate with increased 
conversion. The yields of C, and c 
fractions increase in a more nearly 
linear manner. Because the C, fraction 
becomes more saturated as conversion 
is increased, there is a maximum yield 
of butylenes that can be obtained at ; 
given temperature from any particular 
charging stock. The curve showing the 
yield of gasoline also passes through a 
maximum, and, in the region of de- 
creasing yield beyond the maximum, 
“overcracking” is said to be taking 
place. Like dry gas, the production of 
coke (the carbonaceous material de- 
. posited on the catalyst) increases rapid- 
ly with increased canversion. The 
curves of Fig. 1 are purely diagram- 
matic, and are intended only to show 
the general nature of the relation be- 
tween the conversion level and the 
yield of some of the products; but in 





Fig. 1. Once-through fluid-catalyst cracking of gas oils 


TYPICAL EFFECT OF CONVERSION 
ON PRODUCT DISTRIBUTION 





D% CHARGE = YIELD,% CHARG! 








CHARGE Y/EL 


Jo 





YIELD, 

















Wy 
t 
. | 
t 
.S) 
DRY GAS C3" "| Cs FRACTION 
q 
J 
w 
» 
CONVERSION CONVERSION 
ly 
© GASOLINE 
S 
C4 FRACTION cS 
R 
- 
YW 
N 
CONVERSION CONVERSION 
y 
r} 
& 
¥ 
BUTYLENE FRACTION S|| COKE 
xs 
S 
Wy 
“ dan 
CONVERS/ON CONVERSION 
———- a ee 








—— 





THE PETROLEUM ENGINEER, Reference Annual, 1944 





col 


tat 


het 



























































ee >’ ec ” ec . 
—_ columns “A,” “B,” and “C” of Table Product quality in once-through centrations of n-butane and n-pentane 
7 of | ; data are given which show quanti- _ fluid catalytic cracking. “Product remain relatively constant at about 5 
. own | ttively some of the effects discussed quality” in catalytic cracking can be to 10 per cent by volume of the C, and 
TY 83 | hereinbefore. considered an extension of product dis- C, fractions, respectively, over the en- 
1uoUsly If conversion is held constant, an in- tribution, because it depends upon the tire range of temperatures and conver- 
nd G crease in temperature results in an in- relative yields of the different types of sion levels normally encountered. The 
n G, crease in the production of dry gas and hydrocarbons in a given boiling range, decreased olefin content of the gasoline 
Pa , decrease in the yield of C,, the yield _1-¢., the proportions of paraffinic, olefi- _ fraction at higher conversions is ac- 
action } gasoline, and the production of car- nic, naphthenic, and aromatic hydro- = companied by an increased aromatic 
an bon. There is evidence that, for stocks | ¢arbons in each fraction. In general, the content, and these changes together re- 
WP ac of low characterization factor,* theef- same factors affect product quality that sult in superior leaded antiknock rat- 
a wy fect of temperature on the yield of gas- influence product distribution, viz., ings at higher conversions. The frac- 
; we line is minimized and may be reversed. type of catalyst, conversion level, tem- tion boiling just above aviation gasoline 
ne The effect of temperature on the yield perature, and quality of the charging and below the initial boiling point of 
ou > ° ° on 
of d a of total Cc. s at constant conversion is stock. the charge (normally 340 to 400 F.) 
bade 4 relatively minor. The results shown in The data given in Table 1 aid in is called heavy naphtha, and is charac- 
takine columns “D,” “F,” and “G” of Table understanding the effects of each of terized by a relatively low degree of un- 
des P | indicate the differences involved. these variables. An increase in conver- saturation — usually with a bromine 
cal de. In going from a naphthenic to a _— Sion in a given temperature range tends = number less than 10, and a high aro- 
rapid. paraffinic gas oil at a constant conver- to reduce the olefin content of all the matic content that amounts to 80 to 90 
The | sion level and temperature, a decrease products. In the case of the C, and C, per cent at high conversions. This ma- 
agram- | in gasoline yield and a decrease in coke fractions, the decrease in olefin content terial ordinarily is blended into motor 
> show | production are obtained. Thedatagiven —_is accompanied by increases in the pro- _— fuel, for which it has excellent proper- 
ion be. | incolumns B, D and E of Table 1 serve _ portions of isobutane and isopentane. © ——— 
: . 6 . *Referred to herein as “‘characterization factor K; see 
nd the | to illustrate these effects. It is interesting to note that the con- seference (5). 
but in 
—— TABLE | 
Typical once-through fluid catalytic cracking results 
| bi 7 | 
Column ; , sieubasea te __A ; wn | Cc 7 D | E F _| G 
Canainn atk: Gas oil (400 to 725 °F.) - | 
Gravity, deg. A.P.I. at 60°F....... 25.2 25.2 | 25.2 | 
_UOP characterization factor K®..... : —_ i2 , a a 11.2 _ 5 a 12.2 .7 11.7 
Temperature pth ADA ete BLS Bh AA eee, ianiiiaiiaiil zs —— High — a Intermediate Low 
Conversion: | | | | 
Per cent by weight of Cs and lighter 15.0 25.0 } 35.0 25.0 25.0 25.0 25.0 
100— per cent by volume ean stock | 
(400 °F.+)......... wet I. | 65.3 75.9 | 560) | 46.4 58.4 60.7 
| l 7 
Per cent | Per cent | — Percent |e cent Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
by y by | by | by by by | by by by | by by 
weight | volume weight volume weight volume weight volume | weight | volume | weight volume _weight volume 
en Yields, per cent of charge: | | 
Dry gas, C3 and lighter 6.0 inog. 1 oe vcos | MS | oo | BS I i” —e 7.5 os 4.9 
C)eslem.............-..... 5.6 | 86 | 94 | 144] 128 | 19.7 | 94] i188 | 92 | 130 | 0.0 | 47 | 00.9 | 16.0 
Cs fraction........... | 84] 49 | 55 | 79 | 77 | io | 61 83 | 81 | 10.7 75 | 00.3 | 92 | 126 
Depentanized gasoline, Cs at 400°F....| 28.0 | 30.9 | 34.5 | 37.9 | 30.2 | 33.2 | 25.9 | 282 | 19.4 | 20.8 | 27.5 | 20.8 | 27.1 | 29.3 
Recycle stock, 400 °F+.. | 54.9 | 53.9 | 35.8 | 34.7 | 25.1 | 241 | 45.1 | 44.0 | 54.4 | 53.6 | 426 | 41.6 | 40.2 | 39:3 
Catalyst carbon preceneseevnstpecbawe’ 2.1 ae | we 2 sase 9.7 ee eer oe” ee 4.9 a me» 
Total.......... sucninnaad 100.0 | 98.3 | 100.0 | 94.9 | 100.0 | 88.0 | 100.0 | 94.3 | 100.0 | 98.1 | 100.0 | 96.4 | 100.0 | 97.2 
Product quality: | | } 
Dry gas, C3 and lighter: | 
Mol per cent Hz........... ine 12 13 13 12 10 7 4 
Es einiGnoadnaieced 21 2B 25 21 20 15 18 
— CaHa. 11 & 6 10 12 8 6 
i asiucoiucctscauhs 7 9 1 7 3 8 7 
cis sickens asia 29 21 12 35 51 34 28 
CiHs.. 20 26 33 15 4 28 37 
ee 100 100 100 100 100 100 100 
C4 fraction: 
i, per cent by volume of: 
cccersncacsanshsos 14 i » 17 22 7 3 
ep eaRRnINS 15 il a 17 22 7 3 
Renee 6 | 7 7 5 11 14 1] 
| ae roe 55 61 71 | 48 35 62 73 
oie sennccechosavceha-tvaes 10 10 10 10 10 | 10 10 
naan sa lcinawiducssinsadasbnns 100 100 100 100 100 | 100 100 
Cs fraction: 
iquid, per cent by volume of 
EEE ee 45 37 26 49 58 31 19 
SIE ci coptndabasvagnevesiions 47 55 66 43 34 61 73 
Wriiceciitasd rinndenneasevcn 8 8 8 s 8 8 
= —— — 
ee eee 100 100 100 100 100 100 100 
Domaine’ aviation-base stock, Cs at | | | 
Gravity, deg. A.P.I. at 60 °F.......... 52 47 42 | 50 55 | 50 50 
ee 34 25 20 | 42 59 28 13 
Aromatics, per cent by weight......... 40 60 | 75 42 28 42 2 
Octane No., 1-C ye A TEL per gal. 90.8- (94) | (97) 89.8 (88) 92 3 94.2 
Heavy naphtha, 340 to 400 ° 
Gravity, deg. A.P.1. 00 F TIA } 30.8 29.6 27.7 33.5 33.4 32.1 33.2 
UOP characterization factor K......... 10.79 10.68 10.56 | 10.95 10.95 10.88 10.94 
Aromatics, per cent by weight......... | 67 73 81 69 80 | 67 69 
ASTM Octane No.: | 
Without addition of TEL.......... 87.7 90.0 90.5 | 83.0 83.7 85.0 83.3 
= Plus 3.0 ml. TEL per gal............ 90.5 91.5 91.7 | 87.2 87.3 86.6 87.4 
Recycle stock, 400 °F.+: 
Gravity, deg. 2 ey Pere 22.7 20.3 19.2 28.7 | 36.9 28.5 +» 28.5 
UOP charaeterization factor K......... 10.84 | 10.70 | 10.65 11.37 11.83 11.26 11.27 
= 
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ties; but extensive work is being done 
at the present time in an effort to con- 
vert as much of it as possible into the 
boiling range of aviation gasoline. The 
API gravity and the characterization 
factor of the recycle stock (400 °F-+-) 
decrease markedly with increased con- 
version. 

An increase in the characterization 
factor of the charging stock at a given 
conversion level and temperature re- 
sults in an increase in the unsaturation 
of all the products. There is an accom- 
panying decrease in the isoparafhin con- 
tent of the C, and C, fractions, and in 
the aromatic content of the aviation 
gasoline. The effect of the quality of 
the charging stock on the aromatic con- 
tent of the heavy naphtha fraction is 
small. 

The effect of increasing temperature 
at constant conversion is to increase the 
methane and hydrogen content of the 
dry gas and to increase the olefin con- 
tent of all fractions. There is a minor 
tendency for the aromatic content of 
the gasoline and naphtha fractions to 
be increased by high temperature op- 
eration. 


Catalytic cracking of lighter and 
heavier stocks. The foregoing discus- 
cussion has been limited to typical gas 
oils boiling approximately between 400 
and 750 °F. If a stock with an appre- 
ciably lower average boiling point, a 
kerosine for example, is catalytically 
cracked, the following differences in re- 
sults are found: 1. The stock is more 
refractory, i.e., more severe processing 
conditions are required to realize a 
given conversion level. 2. The products 
are less olefinic than those from a typi- 
cal gas oil. The gaseous fractions con- 
tain more isoparaffins, and the liquid 
fractions are more aromatic. 3. There 
are only minor deviations from the 
product-distribution curves discussed 
hereinbefore unless the initial boiling 
range of the charge is in the boiling 
range of the products. 

Conversely, heavier stocks are more 
easily cracked and yield more unsatur- 
ated products. Thus it is possible to 
vary the conversion and quality of 
products obtainable from a given unit 
over wide ranges by proper selection 
of the boiling range of the charging 
stock. Of great interest in the postwar 
operation of fluid catalytic units is the 
possible cracking of topped and reduced 
crudes without preliminary flashing. 

Recycle operation in fluid cata- 
lytic cracking. It is well known that 
in thermal cracking a higher yield of 
gasoline can be pbtained in a recycle 
operation than in a once-through opera- 
tion. It was shown in Universal pilot 
plants using synthetic catalysts® that 
this same effect holds in catalytic crack- 
ing, and that the yield of gasoline can 
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be increased by a recycle operation. Fur- 
thermore, it is usually possible to realize 
the increased yield of gasoline with a 
more favorable gasoline-to-carbon ra- 
tio. In commercial practice, however, it 
is generally true that, although higher 
yields can be realized by a recycle opera- 
tion, higher production from a given 
plant is possible in a once-through proc- 
ess. A comparison of typical yields from 
a once-through and a recycle operation 
is given in Table 2. 

Finishing. Present aviation gasoline 
specifications are such that base stocks 
of high quality must be relatively low 
in olefin content and high in aromatic 
content. These requirements can be met 
in fluid catalytic plants in two ways: 
first, the unit may be operated at rela- 
tively low temperatures (800 to 900 

F.), in which case a base stock having 
a low bromine number and the neces- 
sary high lead susceptibility is pro- 
duced. However, conversions high 
enough to correspond to the desired 
aromatic content are difficult in such 
an operation on most stocks because of 
the severity of other operating condi- 
tions necessary, and because of relative- 
ly high production rates of carbon at 
the lower temperatures. As an alterna- 
tive, the cracking operation can be car- 
ried out at higher temperatures and 
higher conversions. This operation pro- 
duces a base stock which is rich in aro- 
matics but which, unless unusually 
high conversions and low characteriza- 
ticn-factor stocks are used, contains a 
higher quantity of olefins than can be 





tolerated directly in aviation-bage 
stocks. Accordingly, some method of 
treating this gasoline must be employed, 

It was found that, when the gasoline 
from high-temperature catalytic crack. 
ing is contacted with a synthetic silica. 
alumina catalyst’ in the temperature 
range of about 700 to 900° F., a base 
stock of exceptionally high quality js 
produced. Not only is the olefin con- 
tent reduced but other changes in the 
composition of the gasoline also take 
place resulting in a marked improve. 
ment in quality. This operation is high- 
ly desirable in many instances, par- 
ticularly when paraffinic charging 
stocks are processed. However, the 
equipment for fluid catalytic treating 
can be employed for additional gas oil 
cracking, so that the desirability of 
fluid catalytic treating depends upon a 
balance between the production rate 
and the quality of the base stock, as 
well as upon other factors which ne- 
cessitate a separate evaluation of each 
refinery situation. 


A second method of removing olefins 
from gasolines is sulphuric acid treat- 
ment. The removal of the olefins and, 
in the case of high sulphur stocks, the 
simultaneous desulphurization realized 
result in marked improvement in lead 
susceptibility (hence, leaded octane 
number). However, the rearrangement 
of the other components of the gaso- 
line through fluid catalytic treating is 
not realized, and the improvement in 
quality is inferior to that obtained in 
the catalytic treating step. This differ- 
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Fig. 2. Flow diagram of two-stage unit (Two reactors with 
common regenerator) 
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ence in quality is offset in part by a 
considerable reduction in the amount 
of equipment required, and can be 
minimized further by the operation of 
the first-stage cracking step at higher 
conversion levels. Accompanying the 
acid treatment, of course, is a loss of 
hydrocarbons and an appreciable con- 
sumption of acid. 


A third finishing method is a rela- 
tively new Universal development 
known as “polytreating.” This opera- 
tion comprises liquid-phase treatment 
of the gasoline in the presence of a UOP 
solid catalyst. The results are compar- 
able with those which can be realized 
by sulphuric treatment, because the 
principal reaction in both processes is 
the removal of olefins. The improve- 
ment in quality is, therefore, largely 
a result of the improved lead suscepti- 
bility resulting from removal of the 
olefinic compounds. A prime feature of 
this process is the long life of the cata- 
lyst, which makes it economically at- 
tractive. The high-boiling material pro- 
duced in this operation is quite satis- 
factory for catalytic recracking; thus 
the volumetric loss of aviation fraction 
attending the polytreating operation it- 
self is not chargeable against the com- 
bined catalytic cracking and -treating 
operation, as a large part of the bot- 
toms can be recovered as aviation gaso- 
line in the recracking step. 

Present wartime restrictions preclude 
a tabulation showing the antiknock 
quality of the base stocks, but it may 
be stated that fluid catalytic treating 
produces base stock of a quality not ap- 
proached by the other treating methods. 


Regeneration. The catalytic crack- 
ing and treating process would be ex- 
tremely simple if it were not for the 
fact that during processing a carbona- 
ceous deposit forms on the surface of 
the catalyst. This deposit seriously im- 
pairs the effectiveness of the catalyst, 
and makes necessary its periodic regen- 
eration. Thus, the problems of mini- 
mizing the production of the deposit 
and of removing it without perma- 
nently damaging the activity of the 
catalyst are of major concern. 

From fundamental studies it was 
learned that excessive temperatures are 
detrimental to the activity of the cata- 
lyst. And yet high temperatures are 


ing this temperature are dilution of the 
regeneration air with inert gases and 
provision for internal cooling. 


In the regeneration of fluid catalyst 
the problem is the same—extremes of 
temperature must be avoided. The tur- 
bulence and constant circulation of the 
particles of catalyst make it impossible 
to build up appreciable temperature gra- 
dients in the regenerator or to realize 
the burning-waves characteristic of re- 
generation in a fixed bed. This same 
condition in the regenerator also per- 
mits the use of undiluted air without 
preheating. 


Commercial fluid catalytic 
cracking units. The basic type of 
commercial fluid catalytic cracking 
unit, the so-called “single-stage” unit, 
consists fundamentally of a regenerator 
and single reactor. When ic is desirable 
to treat by means of fluid catalysts the 
gasoline made on a single-stage unit, it 
is necessary to resort to a “blocked-out”’ 
operation —in which gasoline is pro- 
duced for a few days, then treated in 
the same equipment. Although this 
type of operation is feasible, it has the 
disadvantages of lower calendar-day 
throughput, of increased tankage re- 
quirements, and of the necessity of 
changes in operating conditions while 
the unit is onstream. 


The “two-stage” unit, which simul- 
taneously cracks raw oil to gasoline 
and treats this gasoline to make a fin- 
ished base stock, avoids these difficulties. 
The two-stage unit consists of two 
reactors with a common regenerator, 
each reactor running under the opti- 
mum conditions for the task it is per- 
forming. Inasmuch as the two-stage 
unit can be run with both reactors on 
cracking, if desired, it offers a wide 
range of operating flexibility and con- 
trol of the quality of the product. 

A simplificd flow diagram of the re- 
actor-regenerator section of a two- 
stage fluid catalytic cracking unit is 
shown in Fig. 2. Wartime restrictions 
have prevented the presentation of a 


detailed flow diagram. In the following 
description of the flow the equipment 
involved in cracking will be called 
“first-stage,” whereas that on treating 
will be called “second-stage.” 


The raw oil charging stock, usually 
gas oil, is preheated by heat exchange 
with a recirculating stream on the first- 
stage fractionating column; it then 
goes to the catalyst-to-oil heat ex- 
changer, where it receives further pre- 
heat from a stream of catalyst which 
circulates between the exchanger and 
the regenerator. The primary purpose 
of this heat exchanger is to give a wide 
degree of flexibility to the catalyst-to- 
oil ratio on the first stage. As there is 
a definite amount of heat to be removed 
from the regenerator, it is obvious that, 
when part of it is transferred in the 
heat exchanger, there will be less lett 
to be transferred by the catalyst cir- 
culating between the regenerator and 
the reactor; thus a lower catalyst-to- 
oil ratio is permitted. Any additional 
heat required by the reactor is supplied 
by means of a fired tubular heater, in 
which the charge is heated further. The 
raw oil then enters the reactor riser, 
where it comes into contact with the 
hot regenerated catalyst flowing from 
the regenerator. The oil is now com- 
pletely vaporized, and the catalyst is 
fluidized to a relatively light condition 
so that the mixture flows upward into 
the reactor. Usually, recirculated proc- 
ess gas or steam is injected into the 
reactor riser to aid in fluidizing the 
mixture. 


The vapors leaving the reactor carry 
some of the catalyst fines with them. 
The major portion of these catalyst fines 
is recovered by passing the vapors 
through cyclone separators. The re- 
mainder of the fines is recovered as a 
slurry at the bottom of the fractionat- 
ing column. 


The products of the reaction are then 
fractionated in the first-stage fraction- 
ating column and gas-concentrating 


(Continued on Page 202) 
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Charging stock... . 


TABLE 2 
Comparison of once-through and recycle operations—fluid catalytic cracking 


330 °F., once-through | __ 334 °F ., recycle* 


33-deg.-A.P.I., 11.7-K,t 400- to 725 °F. gas oil 




















practically synonymous with regenera- Temperature a ee == 
_ because the latter is accomplished Combined feed ratio (total feed per fresh feed)... es © es Se F< 
co i > - 

y : mbustion of the carbonaceous de Yields (per cent fresh feeds) Per cent Per cent Per cent Per cent 
posits. When the problem of regenera- by weight by volume by weight by volume 
tion in a fixed-bed of catalyst is exam- eetenM,.......<.;- 127 a ia aa 
ined, it soon becomes apparent that Cs MONO. occ ccccenscces 11.3 16.8 13.5 19. 

‘ ° - ‘ ‘. CD accctcusraciews eb ie big eaeioeman wears 8.0 10.9 9.4 12.9 
combustion with air without cooling is, Depentanized Cs at 400 °F... 0... es esscsesnees 25.0 26.8 31.9 4.8 
in most cases, not possible without sub- | Gstalystebon. sss | sa ; 55 

AGE jecting the catalyst to such tempera- 2 ae eee desc toessuhala "400.0 91.4 "100.0 04.3 
tures in the burning wave that its 





catalytic activity is soon destroyed. The 
most common expedients for controll- 


*Total 400 °F .-+-recycle stock returned with fresh feed in amount indicated. 
tUOP characterization factor. 
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Mis Wheeler, during 25 years of service, has designed and built 
plants for every type of process used in the petroleum industry today. .. 
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equipment, from which a gasoline cut 
is returned to the second-stage reactor 
for treating — usually at a somewhat 
lower space velocity and temperature. 
Heat is furnished to the second-stage 
reactor principally by hot catalyst 
from the regenerator, the catalyst-to- 
oil ratio in this stage being relatively 
high. From the second-stage reactor the 
treated product passes to the second- 
stage fractionating and gas-concentrat- 
ing sections for separation. 

The air required for combustion of 
the carbonaceous material on the spent 
catalyst enters at the base of the re- 
generator risers and carries the catalyst 
upward into the regenerator. As the 
regenerator is quite large — some re- 
generators being more than 40 ft. in 
diameter—a perforated plate is installed 
to insure even distribution. 

The regenerated catalyst flows into 
the standpipes, down to the two re- 
actors, and to the catalyst-to-oil heat 
exchanger. The material in the stand 
pipes is quite dense, so that the head 
developed is sufficient to cause the cata- 
lyst to flow into the reactors and heat 
exchanger—the flow rates being con- 
trolled by the slide valves. The products 
of combustion leave the regenerator 
through a cyclone separator, which re- 
moves the greater part of the entrained 





catalyst. The gases then go through a 
steam generator, which recovers a large 
part of the waste heat, and then through 
a Cottrell electrical precipitator, which 
recovers most of the remaining catalyst. 
From there the gases are discharged 
into the atmosphere. 

Future of catalytic cracking. The 
demands of war have occasioned inten- 
sive study of internal-combustion en- 
gine design for greater power output, 
and new fuels have had to be developed 
for use in the new engines. Fortunately 
the petroleum industry was ready at the 
outbreak of war with new processes to 
produce such fuels. Catalytic cracking 
had been developed to such a point that 
it was possible to meet the stringent 
requirements of our armed forces. 

There is no doubt that after the war 
automotive engine designers will incor- 
porate many features of aircraft en- 
gine design in automobiles, and they 
will premise their designs on the avail- 
ability of fuels of much higher quality 
than those which existed before the 
war. 


There need be no apprehension on 
the part of the small refiner as to the 
utility and economy of adapting cata- 
lytic cracking to his refinery operations 
after the war. Although it is true that 
the cost of such installations may not 
seem attractive at this time, neverthe- 


less the continued development and re. 
finement of the process shows a prog. 
ress which is most encouraging. It js 
a foregone conclusion that he will bene. 
fit greatly from the present activity of 
research and development in this art, 
The many large and costly commercial 
installations are the proving and de. 
veloping grounds for refinements which 
will produce the plants of the future 
to fit the capacity and pocketbook of 
the small refiner. History has demon. 
strated that the processes will be avail- 
able for his use. A new process, not 
fully developed, requires venture capi- 
tal to prove or disprove it commercially, 
This risk is taken by the large refiners, 
The success and experiences are con- 
verted into profitable operation for 
small refineries so important to our na- 
tional welfare and economic fabric. 
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Recent Developments in Houdry Fixed Bed 


EVEN years ago, after pioneering 

the development of catalytic crack- 
ing, the first commercial Houdry unit 
for the production of high octane gaso- 
line was put into operation. By virtue 
of the quality of the products and the 
favorable economic factors of the proc- 
ess, catalytic cracking has become one 
of the leading processes used by the 
petroleum industry. The number of re- 
finers sharing the Houdry static bed 
process has increased from two to nine, 
and the installed catalytic charging ca- 
pacity has increased accordingly. In 
1938, three units’ processed a total 
of 20,000 bbl. per day. Now 20 units 
with individual capacities of 7,000 to 
20,000 bbl. per day are in operation and 
nine additional static bed units are in 
various stages of construction. 

Although detailed data concerning 
the production of aviation fuels have 
been made available for limited distribu- 
tion, no specific information has been 
released generally by Houdry Process 
Corporation since the invasion of Po- 
land. The purpose of this paper is to 
outline the more recent developments 
in as much detail as military secrecy 
permits. 


Prior to World War II, Houdry Proc- 
ess Corporation realized that supplies of 
aviation gasoline in excess of the quan- 
tities generally predicted would be re- 
quired in the event of hostilities of a 
major nature. Accordingly, this com- 
pany instituted a research program, 
leading toward the development of 
methods that would permit increased 


production of aviaton base stock. 


The first step in this program was 
the commercial production of previous- 
ly developed synthetic catalysts which 
produced aviation base stock of more 
acceptable qualities than obtained from 
clay catalysts. In addition, the proper- 
ties and action of these new catalysts 
could be controlled with precision, thus 
obviating reliance on naturally occur- 
ring clays of variable qualities. To insure 
that adequate catalyst supplies of the 
requisite characteristics always would 
be available to users of the process, 
plants for catalyst manufacture were 
built and operated by Houdry Process 
Corporation. 

Simultaneously with the construc- 
tion of the first synthetic catalyst plant 
started during 1939, a comprehensive 


*Presented before American Petroleum Institute, 
Chicago, Illinois, November 11, 1943. 


Catalytic Processes* 


By T. B. PRICKETT and R. H. NEWTON 
Houdry Process Corporation 


laboratory program for the study of the 
production, properties, and composition 
of catalytically cracked aviation fuels 
was instituted. Over a period of years 
comparisons have been made between 
the laboratory and the operating plant 
data which demonstrate that the results 
obtained in the small scale units are 
duplicated in the commercial equip- 
ment. Therefore, these test units are 
being employed in forecasting operat- 
ing conditions and yields for the com- 
mercial plants, and determining the 
product qualities that will be realized. 


As the process development work 
progressed, it became apparent that the 
large quantities of aviation base stock 
believed to be required could not be 
produced from the available narrow 
boiling naphtha cuts heretofore con- 
sidered as optimum charging stocks.” 
With this thought in mind, and also 
because a serious shortage in butylenes 
for alkylation appeared likely, it was 
realized that heavy cuts must be util- 
ized for the production of aviation base 
stock. However, as the boiling range 
of the charging stocks increased, the 
cracked product tended to become less 
suitable for aviation fuel. During 1938, 
Socony-Vacuum Oil Company pro- 
duced, on their Houdry unit at Pauls- 
boro, New Jersey, a low acid-heat avia- 
tion base stock by catalytically treat- 
ing the primary gasoline on clay cat- 
alyst. The Houdry Laboratory conduct- 
ed an extensive research program and 
perfected the application of the pro- 
cedure for the treating of gasolines pro- 
duced from a large variety of virgin 
stocks by synthetic catalyst. The result- 
ing two step process has been in com- 
mercial operation for nearly two years 
and has resulted in the production of 
large quantities of superior aviation base 
stock. 

Wartime activities. Immediately 
following our entry into the war, the 
existing Houdry plants producing high 
quality motor fuels were converted as 
rapidly as possible to aviation base pro- 
duction. The quality improvement at- 
tained, due in no small part to the 
synthetic catalysts employed, was of 
prime importance in increasing the 
country’s output of 100-octane avia- 
tion fuel, particularly during the crit- 
ical first 6 months of the conflict. Dur- 
ing this period the production of alky- 
late was small. The maximum supplies 
of finished aviation fuel were only ob- 
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tainable by blending the minimum pos- 
sible proportion of the scarce alkylate 
with the best quality base stocks pro- 
duced—the output of 14 Houdry static 
bed plants. The fact that these Houdry 
plants were in successful commercial 
operation at that time contributed 
greatly to decreasing the aviation gaso- 
line shortage. This can be disclosed now 
because of the vast expansion in alky- 
late production facilities since the period 
mentioned. 

Another substantial contribution to 
the war effort by those refiners operat- 
ing Houdry static bed plants was the 
production and recovery of isobutane 
and butylenes for the expanding alky- 
late industry. Previously the charge to 
alkylation units generally consisted of 
isobutane from natural gasoline plants 
and of butylenes recovered from ther- 
mal cracking units. The additional sup- 
plies of both these essential products 
from the Houdry plants materially in- 
creased alkylate production. 


Catalyst manufacture. To con- 
vert the existing static bed plants to 
aviation production and to provide for 
the newly authorized Houdry units, the 
original synthetic catalyst plant, start- 
ed in 1939, was doubled in capacity 
during 1941 and its production again 
doubled in the past year. 


Commercial operations. In addi- 
tion to improvements made in aviation 
base quality, there have been advances 
in plant operating techniques as well. 
By continued improvement in the me- 
chanical features of the plants, includ- 
ing plant auxiliaries, onstream time ef- 
ficiencies have been increased to about 
90 per cent. Houdry efficiencies are com- 
parable therefore to those obtainable on 
general refinery processing equipment. 

For example, one 20,000-bbl.-per-day 
plant processed a total of 9,000,000 bbl. 
of gas oil over a period of 17 months 
during which the plant was on stream 
87 per cent of the elapsed time, which 
includes the time required to change 
catalyst at the end of the period. After 
the change of catalyst this plant was 
operated above rated capacity for 375 
days to satisfy the emergency demand 
for fighting grade aviation fuel. Dur- 
ing this period the onstream time ef- 
ficiency was maintained at 95 per cent, 
including the ensuing second catalyst 
change and a general inspection and 
overhaul. After this second catalyst 
change a careful survey showed that 
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the product yields and qualities were 
the same as when the plant was initially 
operated in 1940. 

Benefited by the extensive back- 
ground of Houdry commercial experi- 
ence extending back to 1936, the new 
static bed plants are showing improved 
time efficiency records. Initial periods 
of experimentation and alteration have 
not been necessary, as illustrated by the 
performance of three recently started 
units. During the first fifty days opera- 
tion, these three plants operated at on- 
stream time efficiencies of 96, 99, and 
100 
starts, these units in all probability will 
exceed even the best previous operat- 
ing records. 

Catalyst requirements. Notwith- 
standing the gradual catalytic activity 
decline which is common to catalytic 
processes in the petroleum industry, 
products yields and quality are main- 
tained remarkably constant throughout 
the catalyst life period. The flexibility 
of this process permits such a wide va- 
riety of conditions that practically all 
the catalytic activity can be utilized. 
In consequence, the catalyst consump- 
tion of Houdry fixed bed plants is re- 
markably small. 

When the synthetic catalysts were 
first introduced, a minimum life period 
of about twelve months was conserva- 






















tively anticipated, but commercial per- 
formance has exceeded expectations. 


The new synthetic catalysts have op- 


cess of 15 months. 


of charge. 


these favorable 


stocks. 





erated successfully for periods in ex- 


Based on a service life of fifteen 
months, a 10,000-bbl.-per-day Houdry 
plant consumes an average of 650 lb. 
of catalyst daily. Expressed in terms 
of throughput, this consumption av- 
erages one ounce of catalyst per barrel 


Flexibility of the fixed bed proc- 
ess. In addition to reducing catalyst re- 
quirements, the inherent flexibility of 
the static bed process permits the con- 
version of a wide variety of charge 


Heavy gas oils crack readily and un- 
less conditions are carefully established 
there is an excessive loss of desirable 
products to gas and coke. Conversely, 
naphthas are refractory and require 
much more severe conditions to give 
the optimum results. In the various 
plants the operating conditions are se- 
lected for the several charging stocks 
by choice of proper catalyst activity, 
adjustment of pressure, and, to a lesser 
degree, temperature. 

The most active commercial catalysts 
have more than twice the inherent ac- 
tivity of those of controlled low ac- 





tivity which are used for the heaviest 
gas oils. Oil partial pressures are varied 
from sub-atmospheric to 75 Ib. per sq, 
in. gauge, and temperature is varied 
from 800 to 875°F. This wide flexibil- 
ity in choice of conditions is of para- 
mount importance in the cracking of 
both light and heavy stocks for the 


production of superior aviation fuels, 


Research laboratory data. Earlier 
in this paper the research program in- 
stituted by Houdry Process Corpora- 
tion to further the increased production 
of aviation gasoline was mentioned. 

At this time we are not permitted to 
present significant data showing the 
advantages of the utilization of the 
combined cracking and treating proc- 
esses for the production of aviation 
fuel. However, government regulations 
will permit disclosure of this informa- 
tion to persons who qualify under such 
regulations. 
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Economics of Combustion* 
By EDWIN L. DENNIS, Chief Combustion Engineer 
Coppus Engineering Corporation 


that American oil refiners have 
been and are being taxed to the limit 
of their resourcefulness and ingenuity 
in order to meet the skyrocketing de- 
mands for military gasoline, lubricat- 
ing oils, and other products of petro- 
leum. The extent to which they have 
met these demands in two short years 
isa story of its own and some day should 
be fully depicted by a competent nar- 
rator for the benefit of the American 
ple and for the record of the indus- 
trial history of this country. Our only 
comment is that it has been a Herculean 
task well done and certainly an epochal 
achievement, which can and should be 
given a great deal of credit for the fa- 
vorable turning point in the war and 
the speeding up of ultimate victory. We 
leave this task to others more able to 
do justice to the subject. 

Because of the ability of the oil in- 
dustry to meet the demands for more 
and more gasoline, rubber, TNT, and 
other products of petroleum for the 
war effort, the statisticians or “paper 
and pencil boys” have “gone to work” 
and have produced very alarming fig- 
ures concerning the life expectancy of 
the industry. We have heard over the 
radio and read in the papers point blank 
statements that there would be no more 
oil in a very few years. This life line of 
the industry has been definitely pre- 
dicted as running out in 8 years, 10 
years, and only today we learned from a 
national news commentator that it 
would be 20 years. It is not intended to 
make light of, nor treat with levity, a 
very serious matter. The figures, of 
course, were arrived at by dividing the 
known oil reserves by the present rate 
of consumption. In this case, however, 
the dividend and divisor are both vari- 
ables and therefore the quotient or life 
expectancy of the industry is certainly 
an unknown. 

We do know that the producing part 
of the oil industry is not standing still 
but is keeping pace with the refiners and 
as a result more reserves will be discov- 
ered, more efficient recovery will be de- 
veloped and other improvements made 
that will increase the “dividend” or oil 
reserves. We also know that even with 
the realization of every dream of peace- 
time prosperity and air borne passengers 
and freight traffic there will be a great 
decrease in the present demand on conti- 
nental oil reserves when peace comes 
and even possibly before peace. We say 
Possibly before peace because as victory 
approaches oil supply from sources now 


T te J is no discounting the fact 


__ "Presented before Western Petroleum Refiners Asso- 
‘lation, ‘Tulsa, Oklahoma, December 10, 1943. 


out of Allied hands will again become 
available. Therefore it can be said that 
a greatly reduced “divisor“ or rate of 
oil consumption from continental sup- 
ply is in the offing. With this thought of 
an increasing “dividend” and reducing 
“divisor” who can predict the “quo- 
tient” or ultimate life of the American 
oil industry? 

We do not believe the industry is yet 
nor soon will be approaching the pitiful 
plight of an “old man in his dotage.” 
Neither is the industry any longer as 
a “young man in his non-age.” It has 
gone through the adolescence of youth 
when oil fields were wastefully exploit- 
ed, refineries were run without thought 
of conservation of material and without 
too much thought given to efficiency. It 
now stands as a mature man, seasoned 
by trials and tribulations such as the 
present war and with the responsibility 
of a sizable and worthy “family repre- 
sented by the synthetic rubber industry 
and the several younger brothers” of 
other associated industries. In this posi- 
tion we see the oil refiners literally on 
the threshold of life with a promising 
future, the ultimate success of which is 
assured by the lessons already learned. 

We do not believe the scientists have 
developed or discovered all the uses of 
petroleum products or by-products. We 
believe a score or more now unknown 
products will appear within a very few 
years. Surely products from petroleum 
will find a prominent place in the “Age 
of Plastics” soon predicted. It is not 
fantastic to predict many other devel- 
opments. The chemistry of petroleum 
is already a more fantastic realization 
than the wildest dreams of the early 
alchemists who sought to change lead 
into gold by use of the philospher’s 
stone and other divers means! 

And now to the more prosaic sub- 
ject, “The Economics of Combustion 
as Applicable to Oil Refiners.” 

We hardly believe that anyone can 
accurately predict just how the return 
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of peacetime operation will affect the 
end uses of various refinery gases and 
liquids. 

We do believe, however, that decreas- 
ing supplies of fuel have forced refin- 
eries to change their former attitude to- 
ward “waste” products. Regardless of 
the ultimate or normal demand for syn- 
thetic rubber, the realization of the ne- 
cessity of conservation of fuel, as well 
as of supplies of fuel, has forever chang- 
ed the picture from that of 10 years 
ago. Heretofore refiners thought that 
waste products would always be ava‘l- 
able in excess of fuel requirements for 
the processes of modern refining. Up 
until now, very little technical thought 
has been devoted to the economics of 
combustion; too little attention to se- 
lection of burners and furnace design. 

Heat requirements. Regardless of 
the advent of improved processes of 
catalytic cracking, thermal cracking 
and polymerization, hydrogenation or 
other complexes, the story of oil refin- 
ing remains one in which an amount 
of heat is required per barrel of oil re- 
fined, the amount of heat (fuel) re- 
quired varying according to the extent 
of the refining process and/or the meth- 
ods of refining practices. This “heat” 
or fuel required is divided into the fol- 
lowing uses: 

A. For the heating of oil, liquid, or 
gases in the process of refining pertain- 
ing to the chemical and/or physical 
changes in the composition of the crude 
and intermediate products of refining 
by direct heat from products of com- 
bustion. 

B. For the generation of process 
steam as differentiated from direct heat 
as in “A.” 

C. For the generation of steam for 
prime movers, pumps, and miscellane- 
ous purposes. 

Although the “fuel required per bar- 
rel refined” may not be the largest fig- 
ure on that all important sheet, “total 
refinery costs per barrel run” of the cost 
accountant, we advance the thought 
that in too many instances this figure 
has been taken for granted while it ac- 
tually offers a major opportunity for 
the technologist to affect major eco- 
nomics at relatively low expense to his 
company. We believe that in many in- 
stances the return on funds expended 
to increase thermal efficiency of exist- 
ing equipment, and incidentally capaci- 
ties in a number of cases, is more at- 
tractive than any other. It is possible 
that the spotlight is and has been played 
on the very major plant enlargements; 
and also, due to the fact that most men 
have been trying or doing the work of 
two, this opportunity has been neg- 
lected. Upon the return to normalcy 
more attention to “plain Jane” can be 
anticipated. 

In too many instances in oil refineries 
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the utilities department, i.e., steam and 
electric generation, have been treated as 
the proverbial step-child of the indus- 
try. Funds have not been made avail- 
able for modernizing or improving ex- 
isting equipment. Only when utilities 
are no longer able to supply the needs 
of production without consideration of 
good engineering practices and with 
complete disregard of efficiency 4re 
funds made available and then too often 
only with provisions for increased ca- 
pacity without improvements of exist- 
ing equipment. Unfortunately the pow- 
er engineer is often made the goat by 
an unsympathetic operating department 
coupled with a Pontius Pilate attitude 
on the part of the technological depart- 
ment. 

This is not, perhaps, a general indict- 
ment but within the past 12 months 
we have witnessed in three major oil 
refineries striking examples of this step- 
child attitude toward the utilities de- 
partment or boiler house. In each case 
there had been an accumulation of bu- 
tane in excess of storage facilities result- 
ing in an emergency condition where 
it became necessary to return the liquid 
to the fuel system. In each case the fuel 
system was inadequately designed to 
handle any quantity of liquid in the gas 
mains. Also, each system was laid out 
so the first victim was the boiler house. 
That was not coincidence. Unfortun- 
ately in one refinery the dump was so 
great that the boiler house was not the 
sole sufferer. The liquid went past the 
boiler house washing pipe scale along 
the system and plugged completely 
every orifice in a large furnace fired 
with floor type burners. It required sev- 
eral days of unscheduled shutdown of 
this unit resulting in serious loss in 
throughput to drill out the ten thou- 
sand orifices in this one furnace only. 
The results in the two other refineries 
were not as serious but did cause a great 
deal of trouble and unnecessarily so. In 
each case the needless expense incurred 
would have more than paid for the com- 
plete cost of an adequate and properly 
designed fuel system that would have 
handled the situation as routine. 

On the other hand, we know a fourth 
refinery that has not treated the utilities 
as a step-child. In this refinery the fuel 
system is designed so that the high 
B.t.u. refinery gases as well as butane 


Fig. 2 
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are passed through a closed heater and 
brought to elevated temperatures to as- 
sure a dry gas main. The heat required 
is secured from backpressure or exhaust 
steam and is almost fully recov- 
ered in the gas. The cost of heating was 
negligible. As a result the mixed gases 
in this refinery’s gas fuel system is al- 
ways at an elevated temperature, ap- 
proximately 130°F. average, and dry. 

The foregoing examples were used 
merely to illustrate that the first pre- 
requisite of good economics of com- 
bustion is an adequate and properly en- 
gineered fuel distribution system in 
which is incorporated all the equipment 
necessary to cope with all the problems 
incidental to delivery of the fuel to the 
furnace site in good condition. This ap- 
plies with equal importance to the 
liquid fuel system and the gaseous fuel 
system. The efficiency of fuel oil burn- 
ers is probably even more sensitive to 
poor design than is the case with gas 
burners. No expense should be spared 
in assuring that oil under ample and 
steady pressure (relatively free from 
pulsation) and at proper temperature 
will be available at the furnace regard- 
less of weather variables and/or change 
in fuel specifications. The steam for 
atomization should always be available 
at the furnace free of condensation and 
at constant pressure in the supply main. 
The original cost of a properly designed 
fuel system is not much more than that 
of an improperly designed system. The 
ultimate cost of an improperly designed 
system over a period of years may well 
be one-hundred-fold that of a properly 
designed system because its cost in- 
creases with each day of less efficient 
operation. 

It is said, ““A woman’s work is never 
done.” This applies equally well to plant 
engineers. Constant changes and addi- 
tions, which come by degrees, may ne- 
cessitate emergency fuel lines or dis- 
turb the general system so that a pre- 
viously well designed system might well 
become inadequate. It is not a reflection 
on plant engineers that such cases might 
be unnoticed due to circumstances and 
also the fact that the effect of additions 
and changes is cumulative. 

The fuel distribution system of any 
refinery deserve an annual or semi-an- 
nual survey carefully made and a de- 
tailed report of recommended improve- 
ments. This report deserves prompt at- 
tention and action on the part of plant 
management. 

In oil refineries there are generally 
fuels that have no commercial value. 
These are truly waste fuels unless used 
by the refinery. We speak of tank bot- 
toms, acid sludges, or any non-saleable 
material containing combustible mat- 
ter. This paper does not treat on these 
fuels but it should be stated that the 
correct end use of these should be in 





the boiler house, as is the general prac. 
tice. The facilities for handling deserye 
just as much consideration as any other 
refinery facility. 

Stack losses. A study of the eco. 
nomics of combustion of a refinery 
would be most incomplete if some at. 
tention were not paid to the greatest loss 
of generated heat. We refer, of course, 
to “stack losses,” or to that energy dis. 
sipated to the atmosphere in the prod. 
ucts of combustion leaving the many 
stacks in every refinery. The “yard stick 
of economy” needs be applied in any 
industry whenever changing conditions 
might result in a different measure. We 
believe conservation of fuel within the 
oil industry is as important as it is at 
a central station power plant. This has 
been made more apparent within the 
past 3 years than ever before but in 
the language of “Dog Patch” and “Lil’ 
Abner” a barrel of fuel saved at the 
refinery has just as much fuel value as 
one sold outside the industry “as any 
fool can plainly see.” 

With this homely observation it 
might be concluded that any invest- 
ment in waste heat recovery equipment 
that would be economically sound for 
a central station would be so for an oil 
refinery. That, however, is not always 
true from a dollar and cents angle. The 
dollar value of a barrel of fuel, or its 
equivalent, at the refinery is less than 
its value outside the industry. The out- 
side user must add transportation and 
handling costs. 

On the other hand, stack tempera- 
tures on many refinery furnaces are 
higher than those encountered by most 
other users of fuel. On many cracking 
units stack temperatures approach 
1000°F. In such cases we believe an 
engineering analysis will demonstrate 
that the addition of recuperative equip- 
ment would be a sound investment. Air 
preheaters and auxiliary equipment re- 
quire little maintenance and are trouble 
free in operation. It is hardly possible 
to fix a point where addition of waste 
salvage equipment would be universal- 
ly applicable in oil refineries as a sound 
investment. In this respect the thought 
is advanced that a point of beginning 
might be taken as any heater having 4 
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heat input of 50,000,000 B.t.u. per hr. 
and a stack temperature of 700°F. or 
above would be deserving of a careful 
study to determine the “‘pay off” of re- 
cuperative equipment. With this start- 
ing point the various furnaces in a re- 
finery could be classified immediately 
into those on which recuperative equip- 
ment would be a sound investment and 
otherwise. 

There is an opporunity for the manu- 
facturers of waste heat recovery equip- 
ment to cooperate with the oil refiners 
in a complete investigation of the pos- 
sibilities of affecting material fuel sav- 
ings by the judicious application of re- 
cuperators on refinery heaters as well 
as boilers. It is to be hoped that postwar 
industry will be frugal and conserva- 
tive but that funds will be made avail- 
able for those needs to. conserve, be it 
fuel or any other resource of our na- 
tion. 

Burner selection and furnace de- 
sign. So far, we have dealt with the 
economics of combustion only to get 
the fuel to the furnace and to salvage, 
when practical, heat from the stack 
gases. There remains the economics of 
burner selection and furnace design to 
be given attention. 

In the first place attention should be 
called to the error in nomenclature as 
refers to the word “burner.” Webster 
defines the word thusly: “burner— 
noun, 1. That which burns. 2. The part 
of a gas fixture, furnace, etc., where 
the flame is produced.” A burner as 
commonly accepted certainly does not 
conform to the definition because flame 
is not produced in the burner. Actually, 
a gas burner is a mixing device designed 
to mix the combustible with the neces- 
sary air to carry out combustion. The 
degree of perfection reached by the 
burner in mixing and proportioning the 
fuel and air to meet the needs of the 
application should determine burner se- 
lection. 

This discussion will treat burners as 
mixers and proportioners of fuel and air 
and tell how their design affects the eco- 
nomics of combustion in oil refineries. 

Bunsen stated, “‘An ideal gas burner 
is one with an infinite number of gas 
orifices interposed across the air 
stream.” In his next statement he said, 
“This cannot be approached in practice 
because the space occupied by the gas 
conduits would soon occupy all avail- 
able space.” What Bunsen meant was 
an ideal gas burner would be one that 
would deliver a completely homogene- 
ous mixture of correctly proportioned 
ar and gas to a furnace. To what ex- 
tent modern design has been able to ap- 
proach Bunsen’s ideal burner will be 
discussed subsequently. 

Tt must be noted that on some ap- 
plications the ideal burner described by 
Bunsen would not be desirable. Some 





Fig. 4 


furnaces or processes are so designed 
that slow or progressive combustion is 
paramount. In the oil industry, how- 
ever, such applications are the excep- 
tion rather than the rule. 

Dr. W. Trinks, professor of mechan- 
ical engineering, Carnegie Institute of 
Technology, in his book “Industrial 
Furnaces,” summed up the problem of 
proper burner selection in one simple 
sentence, “Burner design, therefore, is 
mixed design.” 

There is no gas burner that can pro- 
duce one single B,t.u. more than any 
other burner in burning a fixed quan- 
tity of the same gas to the end prod- 
ucts of carbon dioxide and water vapor. 
There can be, however, a vast difference 
in the B.t.u.’s that will be recovered or 
are recoverable from the products of 
combustion of a fixed quantity of the 
same gas on same furnace when fired 
with different burners. 

It is necessary to review some of the 
chemistry and physics of combustion as 
well as the mechanisms of heat trans- 
fer to show the importance of this 
statement. 

It is generally accepted that combus- 
tion is a series of chemical reactions of 
progressive oxidation of a combustible 
material. These reactions liberate heat 
in amounts proportionate to the degree 
of oxidation carried out, the chemical 
analysis of the fuel, and rate of fuel 
consumption. If sufficient oxygen is 
supplied to complete the reactions, the 
same amount of heat will be liberated 
in combustions of a fixed quantity of 
fuel regardless of the rate of combus- 
tion or the intermediate reactions that 


may or may not exist during the proc- 
ess of complete combustion. 

The laws of conservation of energy 
and mass cannot be avoided. “Energy 
cannot be created or destroyed.” ““Mat- 
ter cannot be created or destroyed.” 

The rate at which combustion takes 
place in a furnace is affected by many 
factors. In practice those that are most 
important are the intimacy or degree 
of complete mixture of the fuel and air 
upon entering the combustion space 
and the temperature not only of the 
combustion space but also of the flame 
propagated. When a homogeneous mix- 
ture of gas and air is ignited that con- 
tains exactly the correct amount of 
oxygen for complete combustion the 
rate of ignition is maximum. The rate 
of ignition is retarded almost equally 
by a deficiency or an excess of oxygen 
carried in the air. The ultimate tem- 
perature of the products of combus- 
tion (flame) is likewise depressed by 
either excess air or deficiency in air. 

It is common in practice always to 
supply excess air through burners to be 
certain that oxidation or combustion 
will be complete and all energy or 
B.t.u. released in the furnace. The 
amount of excess air required by a 
burner to assure this is a direct measure 
of the degree of mixing provided by the 
burner. Especially does this become im- 
portant when high unit heat releases are 
desired. 

The important gas law pertaining 
to burner and furnace relationship is 
of course: ““The volume a gas assumes 
is in direct proportion to the absolute 
temperature and inversely proportion- 
ate to the absolute pressure.” As abso- 
lute furnace pressures encountered in 
industry are so nearly constant the ef- 
fect of pressure on volume may be dis- 
regarded. 

Therefore, when the reaction of com- 
bustion of a gas is speeded up, the tem- 
perature of the combustion gases will 
rise as all of the heat is liberated nearer 
the burner and the combustion gases 
will expand closer to the burner tend- 


(Continued on Page 210) 
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of the client’s interests 
in the process rights is 
always part and par- 
cel of M. W. Kellogg 
operations. Licenses 
for all major refining 
processes embodied 
in the Lake Charles 
refinery were are 
ranged by Kellogg. 


Alkylation units utilize both 
butenes and pentenes. 


COMPRESSED into a six months’ period... 

this engineering job for Cities is the only one of its 
size ever undertaken in the history of refining. Over 500,000 
man-hours of mechanical 
engineering were put into 
the project by the Kellogg 
staff. The blue-prints 
alone can be measured by 
the acre. And the respon- 
sibility to Cities for deliv- 
ering a refinery producing 
to “specs” was Kellogg’s 
alone. we 
Intricate piping specifications were ac- 
curately established by exclusive stress 

measuring device, 
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(Continued from Page 207) 
ing by expansion to spread over the 
furnace nearer to the front or burner 
wall, but this heat distribution can be 
governed. With increased combustion 
speeds, it will be seen that much higher 
heat releases can be secured in a fur- 
nace than is possible where secondary 
combustion takes place. 

Heat transmission. From this point 
we must go into the mechanisms of 
heat transmissions. 

We can consider that by propagation 
of combustion from gases, a mass of 
heated gas is liberated into the furnace 
containing a certain amount of heat 
and having a temperature proportionate 
to the rate of combustion and some- 
what inversely proportionate to the 
mass occupicd. The temperature of 
combustion will be higher with less ex- 
cess air, provided combustiom is com- 
plete to the end products because of 
less mass and higher again if combus- 
tion is completed in less volume of the 
furnace. 

Transmission of heat is accomplished 
by only three mechanisms—conduction, 
convection, and radiation. When trans- 
mission of heat takes place all three of 
the mechanisms are employed to some 
degree and the quantities transferred in 
furnace designs can be controlled to 
some degree into each of the three 
mechanisms. Furnace design, location 
and distribution of the heat absorbing 
surfaces of a furnace, are prime factors 
in governing the heat transmission ef- 
ficiency of a furnace. 

In speaking of the efficiency of a fur- 
nace we refer to the amount of heat 
absorbed by the surfaces, such as tubes, 
and transmitting this to other fluids, 
etc., separated from the combustion 
gases of the furnace by the retaining 





walls, in proportion to the amount of 
heat liberated by the combustion in the 
furnace. The mechanism of absorption 
of heat through the material of the re- 
taining wall of the fluid will naturally 
be more by conduction than either by 
convection or radiation. 

In turn, the temperature of the re- 
taining walls, or amount of transmis- 
sion of heat to the walls, will be more 
by radiation and convection than by 
conduction. 

The definitions of the three mechan- 
isms of heat transmission are: 

Conduction: Transfer of heat from 
one part of a body to another part of 
the same body, or from one body to an- 
other in physical contact with it, with- 
out appreciable displacement of the 
particles of the body. 

Convection: Transfer of heat from 
one point within a fluid, gas, or liquid, 
by mixing of one portion of the fluid 
with another of different temperature. 
In natural convection, that is, without 
forced mixing from external source, the 
motion of the fluid is entirely the result 
of density resulting from temperature 
differences within the fluid mass. 

Radiation: Transfer of heat from 
one body to another, not in contact 
with it, by means of wave motion, of 
heat rays, through space. 

The physical laws governing trans- 
mission of heat by three mechanisms are 
available in any mechanical or chemical 
engineer’s handbook. We use these in 
the following development of the fur- 
nace mechanism without specific quan- 
titative analyses. 

When a furnace is operating normal- 
ly, a condition of stability of heat trans- 
mission from the heat liberated in the 
combustion products to the heat ab- 
sorbed by the surfaces supplied for that 
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purpose will be essentially established 
Conduction, convection, and radiation 
factors will be established in relatively 
the same proportions of the tot] 
amount of heat transferred. 

McAdams, in “Heat Transmission,” 
states in the chapter on radiant heat, 
“Of the gases encountered in heat. 
transfer equipment, carbon monoxide, 
sulphur dioxide, ammonia, and hydro. 
gen are the only ones with emission 
bands of sufficient magnitude to merit 
consideration.” 

In the combustion of the saturated 
hydrocarbons, McAdams further states, 
“The constituents, carbon dioxide and 
water vapor, account for the major por- 
tion of the radiation of gases in fur- 
nace chambers, and no large error is in. 
troduced by neglecting the others.” 

“The amount of heat radiated by any 
particle is proportionate to the fourth 
power of the absolute temperature.” 
(This is established in the “Stefan. 
Blotzmann Law”—a = 0.172 pA (T/ 
100) where A = radiating area, p= 
the emissivity factor of the surface, 
and T = absolute temperature in °F, 

Gases containing carbon dioxide and 
water vapor when heated to high tem- 
peratures emit invisible infrared rays of 
radiation. (Mark’s Handbook, Third 
Edition, page 409) : “Under conditions 
of high temperature and thick gas lay- 
er or high concentration of the radiat- 
ing constituents, water vapor and car- 
bon dioxide, this mechanism (radia- 
tion) of heat transfer from gases to sur- 
faces outweighs that of convection in 
importance.” (See Industrial and En- 
gineering Chemistry, Vol. 19, p. 888, 
for calculations of this type.) 

In radiant heat transfer from one 
solid to another, several laws come into 
effect; one being the emissive power of 
the surfaces, which is established for 
most materials, and is equal to the total 
radiant energy radiated in all directions 
from the surface of one side per unit 
of time per unit of area of B.t.u. pet 
hour per square foot. 

The intensity of radiation from 3 
surface, designated by, “i” in Fig. 1s 
the radiant energy emitted per unit of 
time of solid angle with the apex at the 
radiating area, per unit of projected 
radiating area, the projection being onto 
a plane normal to the radiating beam. 
Let “d A” (Fig. 1.) equal a small sur- 
face element of a radiating body. With- 
in the solid angle, d®, making an angle 
? with the normal “dA,” let the quanti- 
ty of energy being emitted from “dA’ 
per unit time equal ‘“‘dq.” Then intens- 
ity, “i,” of radiation of the surface 
“dA” in the direction of ¢ is defined by 
the equation: 

dq = idA dO cos 

The normal intensity of radiation 5 
that value for “i”? when the angle ¢ 
zero. 
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The absorptivity of radiant energy 
of a surface is that fraction of radiant 
energy, incident on the surface that 
is absorbed. 

The reflectivity of a surface is that 
fraction of radiant energy incident on 
it that is transmitted through it by 
radiation. 

It will be seen that since energy can- 
not be created nor lost, that the sum of 
the absorptivity, reflectivity, and trans- 
missivity will equal unity. However, 
for thick opaque bodies or solids the 
transmissivity equals zero and then the 
sum of absorptivity and reflectivity will 
equal unity. 

It would require volumes to com- 
pletely present the picture of heat trans- 
fer but the foregoing presentation is 
sufficient to draw some positive conclu- 
sions regarding the economics of burner 
selection. 

Summarizing generally in regard to 
refinery practice we find: 

Use of air in excess of that required 
for complete combustion within a fur- 
nace will decrease the amount of heat 
absorbed by the heat absorbing surfaces 
without exception. (Stack losses are in- 
creased by use of excess air). 

In a furnace employing radiant heat 
tubes and convection tubes, (as com- 
monly understood) , the amount of heat 
absorbed by the radiant tubes will vary 
directly as the fourth power of the ab- 
solute temperature of the mass emanat- 
ing the radiant energy and inversely as 
the distance separated from the source 
of radiant energy. 

As a specific example, assume that 
the products of combustion produced 
by one burner are at a temperature of 
2200°F. and those of another on an 
identical furnace are at 2600°F. The 
amount of radiant heat emanated by 
the products of combustion of the sec- 

, 2600* 
ond burner will be 59008 1.95 
or 95 per cent more than the radiant 
heat emanated by the first. Likewise 


the amount of heat absorbed by tubes in 
radiation would be correspondingly 
greater for the same rate of fuel con- 
sumption in each case. 

As the total amount of heat generat- 
ed by each burner is identical, then the 
products of combustion from the first 
burner will contain materially more heat 
upon entering the convection section 
and will be at a larger volume. As a 
result the convection tubes will absorb 
more heat than would be the case with 
the second burner, but in no case can 
this increase in convection absorption 
equal the amount lost in radiation. The 
total heat absorbed from the products 
of combustion of the burner producing 
the highest flame temperature will al- 
ways exceed that absorbed from the 
products of combustion of the burner 
producing a lower temperature. 

Because a burner produces products 
of combustion at a higher temperature 
than another it does not follow that 
wall or tube surface temperatures will 
be higher, nor that the amount of heat 
absorbed per unit area of tube surface 
will be increased over the maximum 
unit area absorption in the case of the 
lower temperature flame. 

A burner that produces a lower tem- 
perature flame does so for one or both 
of the following reasons: (a) Poor mix- 
ing of air and gas at the burner result- 
ing in air and gas strata entering the 
furnace and consequent delayed com- 
plete combustion, or (b) excess air is 
employed. 

In the usual refinery furnace a burn- 
er should eliminate from the furnace the 
necessity of serving both as a mixing 
chamber as well as combustion space. 

Heat cannot be absorbed until it has 
been generated. Therefore, if a burner 
does not deliver a complete mixture of 
air and gas but instead delivers air and 
gas strata into a furnace the chemical 
reaction of combustion will not have 
been completed nor the total heat gen- 
erated until the mixing is completed by 
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furnace currents rather than by the 
burner. This results in “late” generation 
of total heat and will result in high 
temperatures at some depth in front of 
the burner, flame impingement or local 
“hot spots.” 

As CO, and H,O vapor are the im- 
portant gases that give up radiant en- 
ergy, then if these end products of com- 
bustion are produced “deep” in a fur- 
nace they will not give up radiant en- 
ergy to tubes in the front part of the 
furnace to the same degree as would a 
burner producing CO, and H,O nearer 
the burner. Neither would these essen- 
tial gases remain within the furnace as 
long when produced farther away from 
the burner and therefore the time ele- 
ment would be decreased resulting in 
reduced absorption of radiant heat. 

On the other hand, a burner that de- 
livers a homogeneous mixture of air 
and gas of the proper proportion to a 
furnace, eliminating from the furnace 
the necessity of serving as a mixing 
space, will produce complete combustion 
to the end products CO, and H,O in 
the minimum time and at the maximum 
temperature and at the minimum dis- 
tance from the burner. (Note: Pro- 
vided the entering velocity of the mix- 
ture is not such as to produce blow 
torch action). As soon as produced, the 
CO, and H,O molecules emanate radi- 
ant energy of the furnace and reduce 
absorption to the rear of the furnace as 
compared to conditions previously out- 
lined. This results in more uniform ab- 
sorption. throughout the radiant sec- 
tion of the furnace. 

The importance of these phenomena 
can be illustrated by many case his- 
tories. In one refinery a simple conver- 
sion job increased boiler capacity from 
a maximum of 90,000 Ib. per hr. to 
130,000 Ib. per hr. was secured from 
two boilers with a reduced stack tem- 
perature. In another plant a boiler de- 
signed for a maximum output of 50,000.: 
lb. per hr. has been operating for four 
years at 75,000 Ib. per hr. In yet an- 
other a boiler rated at 175,000 Ib. per 
hr. is now operating at 2353000 lb. per 
hr. without any difficulty. In a like 
manner, many oil heaters have secured 
increased throughputs by the same pro- 
portions and at reduced or no higher 
stack temperatures. There is no inten- 
tion to set the above up as general con- 
ditions but many more just as bad still 
exist. 

No burner can produce an extra 
B.t.u.; however, in many instances it 
is possible that one burner can salvage 
millions of B.t.u.’s over another. 

In this respect it is well to note that 
an improperly engineered installation of 
a good burner may be as bad an offender 
as an improperly engineered burner in- 
stalled in the best possible manner. 

Burners. Gas burners may be classi- 
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fied in four groups as follows: 

A. Gas and air are mixed in the fur- 
nace, i.e., during combustion. (Fig. 2.) 

B. Gas and air are mixed outside the 
furnace, i.e. before combustion begins. 
(Fig. 3.) 

C. Gas and air are partially premixed 
outside the furnace with the rest of air 
added in the furnace. (Fig. 4.) 

D. Gas and air are mechanically mix- 
ed at the point of entrance to the fur- 
nace by utilization of the gas pressure 
to perform work in propelling movable 
orifices through a plane of rotation 
across the air stream and to drive a pro- 
peller fan to deliver the proper amount 
of air to the mixing plane of rotation. 
(Fig. 5.) 

In all figures: 

———— _ indicates raw gas. 


—S—>_ indicates air. 


angen indicates partial 
mixture of gas and air. 
—>>>->_ indicates complete mix- 

; ture of gas and air. 

It is not necessary to comment on the 
rapidity and completeness of mixing 
secured from the four basic designs il- 
lustrated. 

Oil burners are generally put into one 
of two classifications. 

A. Mechanical atomizing burners. 

B. Steam atomizing burners. 

No discussion of the merits of one 
over the other will be presented, but in 
general we believe that oil burners using 
steam for atomization are more suitable 
for genetal application in oil refineries. 
Their advantages outweighing their dis- 
advantages as compared to mechanical 
atomizing oil burners. 


Combination, or so-called combina- 
tion gas and oil burners may be classed 
in two general classifications: 


A. Those burners where two separate 
burners are combined to use the same 
furnace opening but both burners op- 
erate as separate units. 


B. Those burners where the gas burn- 
er and oil burner are integral parts of 
the same mechanism thus securing the 
same degree of mixing with one fuel as 
with the other and producing the same 
heat pattern on either fuel or on both 
fuels simultaneously fired. 


Combination burners in class B have 
only recently been put on the market, 
(in limited numbers temporarily) , after 
three years of proving on oil heaters in 
a southern and Mid-Continent oil re- 
finery. 

In 1939, before the Wichita, Kansas, 
meeting of the Western Petroleum Re- 
finers Association, a paper entitled 
“New Developments in Burners and 
Their Applications” was presented and 
later published in the October, 1939, 
issue of Refiner and Natural Gasoline 
Manufacturer. 


This paper dwelled at some length on 
the performance of gas burners in clas- 
sification D, Fig. 5, which at that time 
was entirely new to Mid-Continent re- 
finers. At the present time, there are 
over 1,000 installations of this type 
burner in various oil refineries, many of 
which are in the Mid-Continent. 

Fig. 6 is used in this article to show 
the mechanical design of this type gas 
burner in order to correlate the de- 
scription of combination gas and oil 
burners, falling in class B, combination 


Photograph of class ‘‘B'' combination oil and gas burner (Fig. 7), operating on 

oil at rating of 21,000,000 B.t.u. per hr., mounted in box type furnace with 

center line 24 in. above furnace floor. Burner is 15 in. diam. (Note rubble on 
floor to increase floor radiation to side walls) 
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burners, which are yet new in the in. 
dustry. 

Fig. 7 shows the mechanical details 
of the new combination burner. 

In the conventional oil burner atom. 
izer oil spray is ejected under pressure 
from the burner tip, which is centrally 
mounted in the burner casing through 
which the air for combustion is drawn 
by furnace draft or through which air 
is forced by forced draft. The spray of 
atomized oil is generally conical in 
shape but in some instances a flat shaped 
spray is used. Curved vanes are general. 
ly placed at the entrance to the burner 
casing to impart a swirling motion to 
the air entering the furnace in order 
to speed up mixing of air with the burn- 
ing oil spray in the furnace with re. 
sultant shorter flame from the burner, 

The conventional oil burner there- 
fore can be compared directly to a gas 
burner of type A, Fig. 2, where the 
fuel and air are mixed in the furnace— 
during combustion. 

In most oil refinery applications a 
gas burner of type A, Fig. 2, would be 
completely undesirable due to the de- 
layed combustion secured resulting in 
a long flame and less efficient operation 
than would be secured from any other 
of the four general classes of gas burn- 
ers illustrated. 

In a like manner the conventional oil 
burner is objectionable as it does not 
remove from the furnace the necessity 
of serving both as mixing space as well 
as combustion space. 

The heat pattern of a furnace fired 
with the conventional oil burner is en- 
tirely different from that produced in 
the same furnace by one of the better 
gas burners. 

In combination firing of oil heaters 
extreme care is often necessary in 
changing from one fuel to the other 
in order to prevent material changes 
in charge temperatures as well as to 
prevent header leaks from developing. 

Unlike gas, oil produces a luminous 
flame no matter how finely the oil spray 
may be pulverized or atomized unless 
it is burned with excess air of such great 
quantity that the heat loss to stack 
gases would be prohibitive. A flameless 
or blue flame oil burner may be all right 
for a cook stove but entirely unsuited 
for refinery furnaces. 

The chemistry of combustion of fuel 
oil is not unlike that of gas. Both hydro- 
carbons and the end products of com- 
bustion are CO, and H,O. The oxida- 
tion reactions in burning oil are simply 
more complicated. 

The gas burner of class D, Fig. 5, was 
developed on the logic that Bunsen’s 
ideal burner could be simulated by using 
orifices of relatively limited numbets 
moving rapidly across the entire aif 
stream and discharging the gas trans- 
verse the air stream. The same logic was 
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The Griscom-Russell 
Co. has recently 
received its fifth 
award for excellence 
in production 


Moe 38 1533 
I IGS 9D 
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G-R Bentube 


ee e e e the number of refineries and natural gas companies that 


cooling tower, use G-R Bentube Sections. 


showing even dis- 
9,000. e e the number of G-R Bentube Sections in service. 


tribution of water 
; e @ the number of gallons of gasoline being 
daily sendaanadl or cooled by G-R Bentube Sections. 


e@ e e the proportion of natural gas used in the United States 
which is handled in pipe line compressor stations equipped with G-R Bentube 
Sections. 


Write for bulletin describing G-R BENTUBE SECTIONS in detail 


THE GRISCOM-RUSSELL CO. 
285 Madison Ave. New York 17, N. Y. 


GRISCOM-RUSSELL 
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An ounce or two of 
Stoody 6 welded to new or worn ex- 
haust valve faces adds 300 to 400 percent 
to their normal life, prevents burning, 
saves overhaul jobs, costs only a few 
cents per valve. 


This folder outlines the simple proce- 
dure any garage or shop equipped 
with acetylene welding equipment can 
follow. Eliminates your worries about 
valve replacements and saves money 
as well. 


MELD MEW LIFE 


acre worn rants 


Write for folder 
“Weld New Life On- 
to Worn Valves With 
Stoody 6” — no obili- 
gation. 


STOODY COMPANY 


1142 SLAUSON AVE., WHITTIER, CALIF. 


STOODY 6-THE METAL 
THAT ADDS EXTRA MILES 





TO EXHAUST VALVE LIFE! 
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used in designing and developing the 
oil burner part of the combination 
burner of class B, Fig. 7. 

Referring to Fig. 8, it will be noted 
that a conventional type steam atom- 
izing oil gun is built into the center of a 
gas burner of class 4, Figs. 5 and 6. 
Instead of the atomized oil going into 
the conventional center tip after atom- 
ization, it will be noted that it goes 
into oil driving arms, part No. 159, Fig. 
7, and from these arms is discharged 
through orifices (not shown on draw- 
ing as half of arm is shown cut away), 
drilled at different radii from the center 
of rotation and essentially transverse 
the air flow through the casing. The 
reaction of the atomized oil jets from 
the orifices furnishing the necessary en- 
ergy to drive the fan at proper speed to 
deliver the correct amount of air to the 
furnace. 

By comparison it will be noted that 
the gas burner part of Fig. 7, remains 
the same as a class D gas burner shown 
in Fig. 6. 

It will be further noticed that essen- 
tially the same degree of mixing of 
either gas or oil will be secured across 
the entire air stream and before en- 
trance into the furnace. 


A combination burner (or straight 
oil burner) of this design, having a 
throat diameter of 15 in., operating at 
a heat release of 20,000,000 B.t.u. per 
hr. from oil, will have a flame length 
of 3 ft. and less than 10 per cent excess 
air in the products of combustion. 

In furnace design the question has 
often been raised: Should the furnace be 
designed for the burners to be used, or 
should the burners be designed to the 
furnace? - .* 


We believe that the burners should 
be designed to the furnace and to the 
process. The burner manufacturer 
should be given as much detailed infor- 
mation as possible on the application 
and service and not merely asked to bid 
on burners to deliver so many B.t.u.’s 
per hr. from fuel of certain specifica- 
tions and at some pressure. 

Whenever burners are moved from 
one service to another or in the event 
fuel specifications have changed since 
installation, the burner manufacturer 
should be contacted advising what the 
changed duty will be and at the same 
time giving the burner number. A man- 
ufacturer who maintains proper en- 
gineering records at the factory can 
then advise if any changes should be 
made in the orifice drilling to secure 
maximum efficiency under the new con- 
ditions. Orifice drilling changes should 
be engineered whenever possible and.not 


-made by hit or miss methods. 


Burners should never be purchased 
on first cost figures. A burner that is 
1 per cent less efficient for a specific 


job than another will eventually cost 
many times more than the more ef. 
ficient burner, even if it were delivered 
to the user free of charge. 

Summary. We have covered proper 
design of fuel systems, maintenance of 
same, possibilities of economies by use 
of waste heat recuperative equipment, 
and proper selection of burner equip- 
ment. If every oil refinery will carefully 
study all furnaces now in operation 
and carry out the improvements that 
will conserve fuel in only those in- 
stances where the savings will pay a 
handsome return on the investment, 
they will have effected the greatest fuel 
saving of all time. At the same time a 
most splendid example will be set for 
other industries. 

This paper has not dwelt on the im- 
portance of maintaining clean tube sur- 
faces in boilers, heaters, and other heat 
transfer equipment nor the economies 
often available by use of superpositive 
steam-electric stations in oil refineries 
of relatively large capacity. This does 
not detract from their importance. A 
separate paper could be written on those 
subjects. 

It should be stated, however, that a 
superposition steam-electric power 
plant will pay for itself in 6 years in 
any refinery that burns an equivalent 
of 1000 bbl. of oil per day in the boiler 
plant and will effect approximately a 
15 per cent reduction in fuel consump- 
tion for steam generation. With respect 
to superposition steam generation, it 
might be noted that in some instances 
superposition offers as attractive an in- 
vestment for smaller oil refiners as for 
large. For instance, a refinery having 
a total demand for steam in the amount 
of only 100,000 Ib. per hr., at a pressure 
of 150 lb. per sq. in. and an electric 
demand of approximately 1000 kw-hr. 
or more offers good possibilities in this 
direction. 

Under such conditions a steam gen- 
erator of 45,000 to 50,000 Ib. per hr. 
at 475-lb. pressure and 560° T.T. of 
steam together with a 1000-kw. back 
pressure turbo-generator (topping 
unit) with exhaust pressure at 150 |b. 
might prove to be a very profitable in- 
vestment to a refiner. It is suggested 
that superposition has not been given 
proper thought in relatively small plants 
and that this high-hat attitude has been 
a mistake. 

The economics of combustion re- 
solves simply to conservation of fuel, 
and this important matter certainly de- 
serves careful study in the oil refining 
industry. 

The burner manufacturers are re- 
sponsible to the oil industry to con- 
tinue to improve combustion equip- 
ment and deserve the full cooperation 
of the oil industry in working in that 
direction. —_ rk — 
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Practical Design of Foundations for Vertical and Horizontal 


HERE are many problems that 
T should be settled before the design 
engineer can proceed with a design 
problem. It is erroneous to give to the 
design engineer information on soil 
bearing value without a thorough in- 


vestigation. Atmospheric and climatic 


conditions must be taken into account, 
as well as wind pressure and seismic 
forces. Accurate information concern- 
ing strength of concrete, building code 
to be used, and specifications by the 
owner should be provided. A prelimi- 
nary layout showing location of all 
equipment is essential. Information 
concerning height of equipment and 
type of material to be used in frames 
and buildings must also be available. 

Soil bearing. Soil investigation 
should be placed in the hands of a com- 
petent soil mechanic engineer. From his 
information, it is possible to arrive at 
a safe soil pressure for any depth. His 
information tells for any size footing 
the amount of soil pressure to use to get 
the same amount of deflection through- 
pat the site. 





Example 
Load settlement relations for spread footings 
in valle eee 
Minimum | Safe load, | Settlement for | Safe load for 
width, tons per | safeload, 0.5-in. settlement, 

ft. | sq.ft. | in. tons per sq. ft. 

2 | 48 0.47 4.5 

3 5.0 0.57 4.4 

5 6.5 0.83 4.0° 

7 8.0 1.17 85 

10 10.0 1.74 2.5 

25 26.0 8.34 1.0 








*Soil pressure to be used. 


Using variable soil pressures for dif- 
ferent size footings, therefore, is not 
practical. It is common engineering 
practice to use the soil pressure for the 
average size footing on the site given 
in column 4. 

Generally, by taking a certain num- 
ber of borings at random throughout 
the site, it is possible to find out whether 
the strata are parallel or sloping. It is 
possible that the first layer of strata 
would take only a very light safe load, 
while the second layer of strata would 
take a much heavier safe load. This 
would give the design engineer some in- 
dication of the depth of footing. All 
this information should be given to the 
design engineer in order to prevent 
costly mistakes based on wrong as- 
sumptions. 

Atmospheric and climatic condi- 
tions, It would be well to know the at- 


*Presented before California Natural Gasoline Asso- 
cation, Los Angeles, September 2, 1943. 


The Fluor Corporation, Ltd. 


mospheric and climatic condition at the 
ste where the refinery is to be con- 
structed, It is not necessary to consider 
tornadoes, hurricanes, or wind storms. 
The weather bureau of the U. S. De- 
partment of Agriculture has over 100 
stations throughout the United States 
with a possible record of over 50 years 
at each station. From any locality it is 
possible to get the maximum wind pres- 
sure in pounds per square foot. It is 
well to know before hand whether to 
use the full wind pressure on the pro- 
jected area or to make a reduction due 
to curved surfaces. Wind load on all 
piping, platforms, and all other projec- 
tions from the vessel must be consid- 
ered. Seismic force should be definitely 
stated. Most commonly used factors are 
0.1G and 0.2G. 


The scope of this paper will be lim- 
ited almost entirely to the discussion 
of designing foundations for vertical 
and horizontal vessels. 


Self-supporting vertical vessels 
—simple footings. Vertical vessels are 
subject to three conditions. They may 
be empty, operating, or full. With ves- 
sel empty, or operating, either wind 
force or seismic force has to be consid- 
ered. With vessel full or under test con- 
dition, no wind force or seismic force 
need be considered. The footing should 
be designed for the maximum allowable 


Vessels in Refineries* 
By J. A. SHJARBACK, Refinery Division 


chanic engineer has so stipulated. Un- 
der full or test conditions there should 
be no such increase. To get the maxi- 
mum allowable soil pressure for wind 
or seismic force, and still not have com- 
pression under the entire footing, the 
stability ratio must be satisfied, other- 
wise the soil pressure has to be reduced 
by increasing the size of the footing. 


Combined footings. To support 
two or more vessels the footing should 
be designed for various combinations 
of loading with no wind force or seis- 
mic force and with some vessels empty 
and others full or under test condition. 
When considering wind force or seis- 
mic force all vessels should be empty or 
operating. The center of gravity of the 
vertical loads and the center of gravity 
of the footing should coincide for op- 
erating conditions, giving a uniform 
soil pressure throughout. The stability 
ratio must be satisfied for a combined 
footing the same as for a simple foot- 
ing. Otherwise the maximum soil pres- 
sure will govern. 

Footing for elevated vessel. Some- 
times vertical vessels are elevated for 
some process reason. In this case either 





Plate 1. Typical vessel outline 














































































































soil pressure for the above conditions. dI 
With wind or seismic forces, all allow- r ! 
able stresses may be increased 3314 per 
cent. The soil pressure, however, may nantes 
not be so increased unless the soil me- Care ANY 
Pw JoTAL WIND FORCE ACTING AT CENTER PLATFORM 
OF AREA ABOVE BASE OF VESSEL. 
Peg= SEISMIC FORCE ACTING AT THE CENTER 
OF GRAVITY OF MASS ABOVE BASE OF VESSEL. -We. We.or We 
We= WEIGHT OF VESSEL EMPTY, Pw or Peg seas 
Wo» WEIGHT OF VESSEL OPERATING. 
Wt= WE/GHT OF VESSEL FULL. 
Wo= WEIGHT OF PIER. 
WS* WEIGHT OF SO/L. 
Wh = WE/GHT OF FOOTING. 
We = (We + Ws + Wp + Wr) PLATroRM 
WO = (Wor Ws + Wwp+ Wr ) 
. Wy, £ 
Wr=(Wt+ Ws + Wp + Wr) 4 3 a 
e= ECCENTRIC/TY = Pw:h2 or Peg:h2 5 
WE LARRER 
tt tie We, on br 
= LW Munaaee of Bours 
| 
Ws Ws 
Compression Over we Lom PAESSION 
Lorne Base. x y ; rae, 
Resuranr or Forces |-- - “Gi ts 4 
(SIDE OF KERN. Lis RESULTANT OF 
Figure / +——2——+ FIGURE 2 o——+ = Aam. 
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Plate 2. Typical octagonal footings, design and detail sketches 
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a reinforced concrete or steel frame of 
rigid type is designed. This type of 
structure with footing must satisfy all 
the conditions as required for a simple 
footing. 

Design of a simple octagonal foot- 
ing for a vertical vessel. All infor- 
mation concerning the weight of vessel 
(empty, operating, or full), and weight 
of such incidentals as piping, platforms, 
insulation, etc., should be known. It is 
necessary also to have all data on depth 
of footing, soil pressure, wind load, seis- 
mic force, and the maximum allowable 
concrete and steel stresses. 


Design of anchor bolts. An allow- 
able stress of not less than 12,000 Ib. 
per sq. in. and not more than 15,000 Ib. 
per sq. in. should be used for the bolt; 
and bolt sizes ranging between 1 in. 
minimum to 24 in. maximum should 
be used. This range in allowable stresses 
facilitates the selection of the correct 
size bolt for the minimum or maximum 
circumferential bolt spacing. This low 
stress also allows for any corrosion. No 
allowance for reduction in initial ten- 
sion need be made. The initial tension 
must be overcome by the stress due to 
wind or seismic *force before the bolt 
will take any additional stress. For ex- 
ample, let us assume the initial tension 
due to tightening the bolt developed 
15,000 lb. and suppose the stress in the 
bolt due to overturning moment de- 
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veloped 15,000 Ib. So long as the initial 
tension has not been overcome, plus the 
weight of vessel, the maximum stress 
in the bolt will still be only 15,000 Ib. 

Wind moment or seismic moment for 






the design of bolts (see Fig. 2) : Moment 
at base of vessel, M = (PW or Peg)hi, 
Assuming the neutral axis is always 
on the center line of bolt circle, the fol. 
lowing is the general formula for the 
* 4. Me 
As we are interested only in the tension 
stress in the bolt, this formula becomes 
Mc P 
I A’ 
For wind and empty vessel this form 
4(PW Xhi) WE 
NXDb  N- 
and for seismic and operating vessel the 
4(Peg X hi) Wo 
NXDb ~~ N°’ 
Whichever is maximum will give the 
stress per bolt. 


maximum stress per bolt: 


changes to 


form changes to 


Design for footing size. (a) Ordi- 
narily under ideal conditions we would 
design a footing of octagonal shape, 
but in approximately 50 per cent of the 
cases, it is not possible to design an oc- 
tagonal base, due to other equipment 
adjacent to the vessel, which might 
warrant a square or rectangular foun- 
dation. We will assume, however, that 
we are in this case designing an octa- 
gonal footing. 

(b) First assume size of octagonal 
pier and the size of octagonal footing. 
The pier in most cases is assumed to be 
18 in. larger than the diameter of the 
vessel. It is possible in estimating the 
size of the footing, you may have to 
make two or three assumptions before 





Plate 3. Foundation pressures, round and octagonal bases. Values of K andl 
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Look Inside this LF C Angle Engine Compressor 
and You'll See 14 Reasons Why 


1.Main frame. Massive box girder 
type heavily ribbed—Fully machined 
in one machine tool setting. 

2. Compressor frames. Bolted to the 
main frame—Permits more accurate 
machining and easier field handling. 

3. Crank Shaft. One piece forged steel 
—Counterweighted. 

4.Connecting Rods. Forged steel — 
Individual and completely inter- 
changeable for each power and com- 
pressor cylinder. 

5. Power Piston. Exceptionally long 
for minimum wear and minimum oil 
consumption. 

6. Inlet & Exhaust Valves. Alloy 
forged steel—Interchangeable. 

7. Power Cylinders & Heads. Com- 
pletely water jacketed—Directed flow 
—Uniform temperatures. 


8. Exhaust Manifold. Completely 
water jacketed—Less operator and 
fire hazard. 

9. Lube Oil Pressure Header. Cast 
into base—Drilled oil passages to all 
bearings—Eliminates internal piping. 

10. Force feed lubrication to power cyl- 
inders, compressor cylinders and com- 
pressor cylinder packing. 


° ott een 
Oe pne® 
con atl aM 
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11. Complete accessibility to all bear- 
ings through large crank case and 
compressor frame doors. 

12. Valve stems completely accessible for 
prompt, accurate adjustment. 

13. Worthington Feather Valves* in 
compressor cylinders for quiet, effi- 
cient, durable operation. 

14. Large water jackets keep cylinder 
and head cooler . . . promote higher 
operating economy. 


. BENIN THE WAME 
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WORTHINGTON PUMP AND MACHINERY CORPORATION, Harrison, N. J. 


REG. U.S. PAT. OFF. 
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Plate 4. Design of footing for horizontal vessel—for seismic forces only 


Wp» WeisrT or FIER. 

Ws+ Wersrt of Sox 

Wh= WeiGHT of FOOTING 

Wo= See Sweet 5 For ExPLANATION. 











you have the right size for all the con- 
ditions involved. 

The footing has to be designed for 
the maximum condition, that is, hav- 
ing a maximum soil pressure and a mini- 
mum stability ratio. 

To satisfy the design three cases 
would be necessary: 

Case 1. Vessel empty with wind or 
seismic, whichever is greater. 

Case 2. Vessel operating with wind 
or seismic, whichever is greater. 

Case 3. Vessel full or under test con- 
dition with no wind or seismic force. 

To find moment at base of footing 
for both wind and seismic force. 

Wind moment = Pw: h2 

Seismic moment = Peg h2 

In case 3 you have satisfied the con- 
dition when the soil pressure does not 
exceed the maximum allowable. In cases 
1 and 2 you have satisfied all conditions 
when the soil pressure has not been ex- 
ceeded, and the stability ratio is not less 
than the stability ratio specified. This 
stability ratio is as follows: 

Resisting moment 
Overturning moment 
or 
(WE or WO) D/2 
(Pw or Peg) H, 
With a maximum allowable soil pres- 
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sure and the stability ratio as speci- 
fied the resultant may fall outside the 
Kern Section, therefore not giving com- 
pression under the entire footing. How- 





ever, it seems a wasteful practice to de. 
sign the footing especially for the un. 
usual circumstances of an earthquake 
or tornado, which may occur once in 
the life time of the structure. It is not 
necessary to have compression all over 
the base as long as the stability ratio jg 
that specified. With compression under 
the entire footing the general formul, 


P 


CS « 

= — 1s correct. 
A I 
P 


' Mc 
A's always as large or larger than “Fi 


(See Plate 1, Fig. 1.) With compres- 
sion over part of the footing and since 
there can be no tension between the 
concrete and earth, the general formula 


x + “ would not satisfy this con. 
dition. (See Plate 1, Fig. 2.) A curve 
has been developed by Hool and Kinne, 
one for a square base with wind or seis. 
mic perpendicular to side, one for wind 
or seismic parallel to diagonal, and an- 
other for a round footing. With a few 
changes the curve for a round footing 
can be used for an octagonal footing. 
(See Plate 3.) The computations are 
fairly simple for a square footing with 
wind perpendicular to the side. (See 
Mc. 

ji not true 
in this case. The maximum soil pressure, 
2 Wo 
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Plate 5. Typical design of footing for horizontal vessels 
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RARE SPECIMEN IN WELDING TEES— 


@ When you think of a reducing tee you always picture 
it as reducing in the branch. But this one, for the peculiar 
purpose it serves, had to be made the other way around. 
It’s a seamless, carbon-moly forging, five inches in the 
run with a seven-inch branch—an “increasing” tee, so to 
speak; one more example of those kinks that are found 
so abundantly in the Taylor Forge bag of tricks. 

The “know-how” acquired during many years of performing these 
special—often extremely difficult—manufacturing operations, has a 
mighty important bearing on our standard line of WeldELLS, Weld- 
ing Tees and other Taylor Forge Welding Fittings. 


It means that in developing WeldELLS we did not have to ask what 
kind of fitting is easiest to manufacture. Instead we asked what com- 
prises the ideal fitting, and then, with every special facility and process 
at our command, made that conception a reality. 


That is why WeldELLS have tangents . . . why they have extra rein- 
forcement where service stresses are greatest . . . why they have such 
extremely accurate dimensions . . . why they have the features listed 
opposite . . . why, in short, 


Weld BELLS tov. everything 


TAYLOR FORGE & PIPE WORKS, General Offices & Works: Chiéago, P.O. Box 485 
New York Office: 50 Church Street * Philadelphia Office: Broad Street Station Bldg. 
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WeldELLS alone 


combine these features: 





© Seamless — greater strength 
and uniformity. 

© Tangents—keep weld away from 
zone of highest stress—simplify 
lining up. 

© Precision quarter-marked ends 
—simplify layout and help insure 
accuracy. 

© Selective reinforcement — pro- 
vides uniform strength. 

@ Permanent and complete identi- 
fication marking—saves time and 
eliminates errors in shop and field. 
© Wall thickness never less than 
specification minimum —assures full 
strength and long life. 

© Machine tool beveled ends —pro- 
vides best welding surface and ac- 
curate bevel and land. 

© The most complete line of Weld- 
ing Fittings and Forged Steel 
Flanges in the World — insures 
complete service and undivided re- 
sponsibility. 


Wo 


= total vertical load, 
e = eccentricity, and 
b = width of footing. 
This condition becomes a little more 
difficult for footings other than square 
or rectangular. 


All allowable stresses in footings are 
generally increased 3314, per cent for 
wind or seismic forces. For test condi- 
tion the allowable stresses should not be 
exceeded. 

Method of reinforcing octagonal 
footing. The method of reinforcing the 
base should be given some considera- 
tion. Sketches 5A and 5B, Plate 2, show 
four-way reinforcing and radial rein- 
forcing. For large footings there is a 
saving of approximately 25 per cent in 
steel in favor of radial reinforcing. The 
radial reinforcing is limited to the size 
of the footing. In case the pier is small 
there would be overlapping of reinforc- 
ing bars, which would make it too con- 
jested to be practical. The pier should 
be large enough that it would be possi- 
ble to extend the bars in from the face 
of the pier to develop bond and still 
have clearance between the bars for the 
aggregate. The depth of the footing for 
the radial reinforcing would be greater 
than for the four-way. In sketch 5C the 
shaded area indicates the area used for 
the moment for the four-way as against 
the shaded area in sketch 5D for the 
moment for the radial reinforcing. By 
inspection you will note that there is a 
greater force at sketch 5D for the 
width B-D than at sketch 5C for its 
width B-D, therefore the radial rein- 
forcing requires a larger d (effective 
depth) for the same K value. There 
would be some gain for the radial rein- 
forcing due to the fact that there is a 
3-in. clearance between the earth and 
the underside of reinforcing bar. If, 
however, four-way reinforcing is used, 
approximately 2 in. more should be de- 
ducted for the total depth. 


Sketches 5E and 5F indicate bottom 
reinforcing. In my opinion top reinforc- 
ing should be eliminated especially dur- 
ing the war crisis. A substantial saving 
of steel can be made by using the na- 
tional emergency specification of the 
War Production Board. By making the 
depth of footing large enough so that 
the concrete does not exceed the allow- 
able tensile value, the top steel can be 
eliminated. The tensile value of concrete 
is 0.04fc according to the emergency 
specification with an allowable increase 
of 331% per cent for wind or seismic 
forces. 

At point A of sketch 5E there will be 
no soil pressure with wind or seismic 
force acting, but the footing will have 
to be designed for a moment to take 
care of the weight of footing plus the 
weight of earth. In sketch’5g the shaded 
area indicates the upward force in the 
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Corrosivity of 
Lubricating Oils 


George W. Waters and Hugh D. 
Burnham, both of Shell Oil Company, 
Inc., presented a report on corrosiv- 
ity of lubricating oils before the 
American Chemical Society, division 
of petroleum chemistry, Detroit, 
Michigan. 

Bearing corrosion is analyzed into 
two concepts: “existent corrosivity,” 
which occurs by virtue of the instan- 
taneous chemical state of a lubri- 
cant, and “potential corrosivity,” 
which occurs under conditions, rep- 
resentative of those of service, which 
lead to the simultaneous oxidation 
of the oil. The effects upon both types 
of corrosivity of temperature, time, 
nature of oil, concentration of re- 
actants, and physical factors of tests 
are described in the paper. The im- 
portant function of protective lac- 
quer films in preventing corrosion 
and the interference with their ac- 
tion by detergents are demonstrated. 




















critical section for diagonal shear. In 
sketch 5h, the shaded area indicates the 
upward force for moment. 

In some cases it is possible to design 
the pier or pedestal on a footing with a 
hollow center. This hollow space is later 
filled with earth on which is placed a 
concrete slab. If the pier and pedestals 
are made hollow, the supporting wall 
that forms the octagon should not be 
less than 18 in. thick. Obviously, an 
octagon less than 8 ft. O.D. would not 
be practical. There would not be room 
for men to construct forms. Further- 
more, in order to make this type of con- 
struction practical the depth would 
have to be at least 6 ft. Otherwise the 
cost of form work would be greater 
than the saving of concrete. This type 
of construction necessitates more rein- 
fotcing in walls. The moment at the 
center of footing should be checked for 
a positive or negative when the hollow 
pier or pedestal is used. 

Horizontal vessel. Footings for all 
horizontal vessels should be limited to 
two. The footing should be so spread 
that the stress at the center of vessel is 
the same as over the center of support. 
The footing should be set in a distance 
from the head seam approximately 19 
per cent of total length of shell. This 
would give approximately 62 per cent 
of shell length between supports. Ap- 
proximately 20 per cent or more of the 
inside upper surface may be in contact 
with vapors, whereas the lower surface 
will be in contact with liquids. Since 
vapors are poorer thermal conductors 


than liquids the sun’s rays cause the dry 
surfaces to become hotter than the wer 
ones. This variation in temperature 
tends to deflect or curve vessel at cente; 
and lift off intermediate supports jf 
more than two supports. If vessel lifts 
off intermediate supports, naturally the 
end supports would take additional load, 
thereby increasing the soil pressure, 

Expansion of horizontal vessels 
should also have some consideration, 
Many vessels operate under high tem. 
peratures. When the expansion is small 
there is no reason to provide for a roller, 
Generally a slide plate is provided at the 
free end. Where a roller is provided, the 
fixed end pier would have to be designed 
for the total seismic force parallel to 
longitudinal axis. 

Placing both piers on one combined 
footing is more expensive than design. 
ing an individual footing for each pier, 
For combined footing it would bk 
necessary to have both top and bottom 
reinforcing to take care of the mo. 
ments. In a single footing reinforcing is 
only necessary at the bottom of slab. 

Design of footing for horizontal 
vessel. Fig. 6A shows all the forces act- 
ing on pier A and pier B parallel to 
longitudinal axis. Fig. 6B shows all the 
forces on pier A or pier B, at right angle 
to longitudinal axis. Fig. 6C shows a 
free body diagram of seismic forces on 
vessel parallel to longitudinal axis. Fig, 
6D shows a free body diagram of seismic 
forces on vessel right angle to longi- 
tudinal axis. Fig. 7A shows all the forces 
acting on pier B, parallel to longitudinal 
axis and the resultant soil pressure. Cases 
1 and 2 are self-explanatory. Case 1 is 
when the resultant force comes inside 
the Kern. Case 2 is when the resultant 
comes outside the Kern and still has a 
stability ratio as specified. 

Fig. 7C-shows all forces acting on 
pier B at right angles to longitudinal 
axis. Case 1 and case 2 for Fig. 7C and 
7D are similar to case 1 and 2 of Figs. 
7A and 7B. 

Footing should be designed for maxi- 
mum soil pressure. 

Fig. 7E as noted, shaded area, indi- 
cated total net soil pressure or vertical 
upward force that produces diagonal 
tension stresses. 

Fig. 7E as noted, shaded area, indi- 
cates total net upward soil pressure that 
produces moment in the footing. 

At bottom of Fig. 7E is shown mo- 
ment to design bottom slab. 

To the right of Fig. 7E is shown total 
moment at base of pier. Pier should be 
designed for direct vertical load plus 
moment. This design would be the same 
as for a reinforced concrete column us- 
ing a 1-ft. strip for the width. 


Fig. 7E shows a typical method of 


reinforcing this type of footing. 
week —— 
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Recent Developments in TCC Processing* 
By T. P. SIMPSON, L. P. EVANS, C. V. HORNBERG, and J. W. PAYNE 


A. Catalysts 


Clay catalyst. The catalyst now be- 
ing used in commercial TCC units is 
groduced from natural clays. The cat- 
iyst may be in the form of granules 
or pellets (Fig. 4) and, broadly speak- 
ing, covers sizes ranging from about 4- 
tp 60-mesh. Improvements in manu- 
facturing methods have resulted in the 
production of coarser and more rugged 
types of clay catalyst, and the materials 
now used commercially fall in the range 
of about 4- to 10-mesh size. 

The use of clay catalysts offers cer- 
win advantages, including their avail- 
tility in large quantities and relatively 
low cost. These are important considera- 
tions in the present emergency in view 
of the urgent need for large volumes of 
catalyst required to charge the various 
TCC units now being rushed to com- 
pletion. These catalysts also are attrac- 
tive for certain special applications, as 
in TCC operations conducted primarily 
for high butylene production. 

Bead catalyst. The general advan- 
tages of using the more active, though 
more expensive, synthetic-type catalysts 
in place of clay catalysts have long been 
recognized. Until recently, however, the 
wailable synthetic materials have not 
had suitable physical characteristics, 
notably with respect to attrition resist- 
ance, to justify their use in TCC units. 
This prompted Socony-Vacuum to un- 
dertake extensive research work on syn- 
thetic catalysts. The ultimate result of 
this work was the invention of a new 
material, known as the “bead” catalyst, 
which is unique in shape (see Fig. 4), 
and is outstanding with respect to both 
physical ruggedness and catalytic ac- 
tivity. This catalyst derives its name 
from the fact that it is produced in the 
form of small spherical particles resem- 
bling translucent glass beads. 

The phenomenal ruggedness and re- 
sistance to attrition which this catalyst 
possesses can be demonstrated in many 
ways. An individual bead with a dia- 
meter of ¥ in. will support an average 
load of about 200 Ib. and a mass of 
beads in a column will support a load of 
about 3000 Ib. per sq. in. before crush- 
ing. In a jet test, where the beads are 
carried in an air stream at a velocity of 
100 ft. per sec. and impinged against a 
Vertical steel plate, they show no break- 
age and only 3 per cent wear after pass- 
ing through 90,000 cycles. We have not 


_ *Presented befure American Petroleum Institute, Chi- 
‘ago, Illinois, November 11, 1943. 


Fig. 1. Typical laboratory TCC pilot 
plant 


Socony-Vacuum Oil Company, Inc. 


been able to find any cracking catalyst 
which approaches the beads in regard to 
either strength or resistance to wear. 


The composition or method of manu- 
facture of this catalyst cannot be dis- 
closed at this time. 


B. Equipment Modifications 


Reactors. Commercial TCC reactors 
were originally designed with an in- 
ternal baffle system to provide high 
throughput capacity combined with ef- 
ficient contact between oil vapors and 
catalyst. However, with this design the 
proportion of the total reactor volume 
occupied by the catalyst is reduced by 
the presence of the baffle system. More- 
over, the quantity of the catalyst in the 
unit cannot be varied to provide maxi- 
mum flexibility. Thus, although reac- 
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tors of this type can be designed to op- 
erate at any specified space velocity, 
they cannot be operated below the de- 
signed space velocity without decreas- 
ing oil throughput rate. The first com- 
mercial TCC reactors being installed 
are of the baffled type, and v’i!! be oper- 
ated on gas-oil cracking wich clay cat- 
alyst which may later be changed, how- 
ever, to the synthetic bead catalyst. 
Recent catalyst developments have 
made it possible to design reactors of 
high throughput capacity which require 
no baffle system for obtaining intimate 
contact between oil vapors and catalyst. 
The elimination of internal baffling in- 
creases the effective volume of the re- 
action zone, and permits wide flexibility 
with respect to space velocity. All of 


(Continued on Page 226) 
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The stupendousness of this war has upset old senses of 
proportion and dwarfed former scales of operation in most 
eery kind of enterprise. 


The 5000-barrel petroleum refining unit — a sizable job 
oly a few years ago — finds itself a Lilliputian among 
today’s 60,000-barrel to 90,000-barrel Gullivers. Synthetic 
nbber production has risen from an experimental play- 
thing to a giant industry. Plants and units in the chemical 
processing industries are decisively bigger. 


Setting up these large-scale manufacturing facilities has 
naturally required “bigger” thinking. Plans, process engi- 
neering, design, and the application of new methods involve 
titirely new considerations. 


No longer, in looking toward expansion, can the average 
operator's engineering department be expected to possess 
ill the desirable background to undertake alone the job of 
important new plant construction or modernization. For 
tM matter how large or small the plant, its pattern must 
embody the means for meeting the competition of the 
modern war-built giant. 


BADGER-DESIGNED AND BADGER- 
BUILT UNITS HAVE PRODUCED MORE 
CATALYTICALLY CRACKED GASOLINE 
THAN ALL OTHERS COMBINED. 





Licensing Agents for the Houdry 
Catalytic Cracking Processes: All- 
Purpose Fixed Bed Units; Adiabatic 
Fixed Bed Units; Thermofor Units. 


NEW YORE 
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The Badger organization has headed so many large war- 
time engineering and construction jobs in the petroleum 
refining, petro-chemical and chemical industries that 
Badger thinking can almost certainly be of great help to 
you — (a) in an advisory capacity, (b) as co-managers 
with your own engineering and executive departments, or 
(c) under sole responsibility for putting through the entire 
project from preliminary plan to practical operating stage. 


Badger engineering services include: 


Analysis and Evaluation of Processing Requirements. 
Selection and Design of Processing Methods. 

Estimating Costs of Equipment, Materials, and Entire Projects. 
Determining Utility Services and Operating Requirements. 
Summary of Costs and Economics of Projects. 

Design. Manufacture, and Selection of Equipment. 
Procurement and Expediting of Materials. 

Supervision of Erection and Complete Field Constructien. 
Test-Operation to Demonstrate Design Performance. 
Planning. Development, and Improvement of Processez. 


AVAIL ABLE —1944 BROCHURE ON THE SCOPE OF BADGER SERVICES 


E. B. Badger & SONS CO., BOSTON 14 + EST. 1841 









SAN FRANCISCO - LONDON 


Process Engineers and Constructors for the Petroleum, Petro-Chemical and Chemical Industries 
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(Continued from Page 223) 


the recent commercial TCC reactors 
are of this improved type. As an added 
feature of flexibility, the reactors can 
be adapted to either countercurrent or 
concurrent flow. 

Catalyst feed system. The catalyst 
feed system of present TCC units is 
designed to permit continuous flow of 
catalyst from the atmospheric part of 
the unit into the reactor, which op- 
erates at pressures up to 15 lb. per sq. 
in. gauge. The system employed com- 
prises a feed leg especially designed to 
provide maximum operating pressure 
for a minimum leg height. 


catalyst and vapors in TCC reactors 
and kilns, it is essential that the catalyst 
flow be uniform in all parts of the ves- 
sel. This has been achieved by means 
which also effect a convergence of the 
catalyst flow to one outlet point, thus 
permitting the use of a single drawoff 
pipe. 

C. Products 


The improvements in the TCC equip- 
ment and catalysts discussed hereinbe- 
fore have been paralleled by equally im- 
portant developments in the application 
of TCC processing to the catalytic con- 
version of petroleum fractions. At pres- 


Fig. 2. Commercial TCC installation 
with two reactors and regenerator; 
Capacity, 20,000 bbl. of gas oil 
charge per day 


ent the TCC process is playing a vital 
role in the manufacture of high-octane 
aviation gasoline, of butylenes for the 
production of synthetic aviation blend. 
ing agents and synthetic rubber, and of 
other essential war products. After the 
war TCC plants also will be utilized 
for the production of motor gasoline, 

The application of the TCC process 
to the production of aviation- base stocks 
was discussed briefly in last year’ paper.’ 
The original processing scheme com. 
prised TCC cracking of gas oils over 
clay catalyst followed by once-through 
TCC treating of the resulting motor 
gasolines. This operation yields aviation- 
base stocks having leaded (4 ml) octane 
ratings ranging from 94 to 97 (AFD*- 
1C) depending on the nature of the 
gas-oil charge stock. Moreover, the avia- 
tion-base stocks require little or no 
finishing treatment to meet gum, color, 
and sulphur specifications. 


As a result of recent developments, 
substantial improvements have been 
made in the application of the TCC 
process for the production of aviation- 
gasoline-base stocks. Chief among these 
developments are: 

a. The invention of the bead catalyst 
described previously herein. 

b. The application of improved proc- 
essing techniques in the treating 
step. 

c. The extension of TCC processing to 
include a wide variety of charg- 
ing stocks, other than gas oils, 




















Kilns The chermofor itt described *Aviation Fuels Division, CFR committee. 
in last year’s paper’ is typical of that 
used successfully in the reactivation of 
spent fullers earth. This kiln is of the eg te 
tat pp een ‘ ‘wie Properties of typical aviation gasolines from TCC processing of gas oils over = catalyst 
spiral finned-tube type employing 200 (O———@@ —___$ _—____ > ss —_—— 
circulating molten-salt heat-transfer Source of gasoline.......|___Naphthenic gas oil _ | _Paraffinic gas oil ‘High-uiphr 
. gas 0 
medium for temperature control. Process . . .| Cracking Treating Cracking Treating treating 
The kilns in commercial TCC instal- os Tro aieelaloet o » — 
. “ Properties of 7-lb. aviation gasoline: } 
lations are of a radically different and Gravity, deg. A.P.I. Wc 63.1 56.5 7 | 0.9 | 60.1 
e ° ° . i r e, niet eeonbia a ‘ é d | : 
simplified design. This new type of Roster text “ se SGchinwatehieaiacie Janes Negative | Negative Negative Negative | Negative 
kiln is much cheaper to construct, more Mesreten sulphur Sees ee —_ | —_ —_ Negative - 
ss 2 : , hh 2 See ry 1 9 14 
flexible In operation, and requires a Bromine No..... eer a 37.2 4.6 46.1 6.6 | 17.9 
“er Sulphur, per cent by weight............. 0.026 0.022 0.025 | 0.021 | 0.061 
minimum of alloy metals. Control of Accelerated 5-hr. eu lg 100 ml: | | | ‘ 
: . Inhibited and leaded........... 2 are | 4 
regeneration temperatures is excellent, Octane No. (AFD-1C):*__ 
and is achieved without recirculation of Without addition of TEL eal 75.8 81.9 74.4 79.4 79.0 
ith Plus 3 ml. TEL per gal................ 87.3 95.9 85.1 94.3 } 91.7 
either flue gas or catalyst. The surplus glus 4 ml. TEL per gal 89.5 97.7 87.5 | 9963 | 94.0 
. . istillation, °F: 
heat a in — ransom Initial boiling point. . ; 108 106 106 | 105 107 
is utilized t r igh- 5-per cent point. . aie ; 131 131 130 129 1 
- janes 8g poseraee 10-per cent point... 139 140 138 | 140 136 
steam. The kiln operates at substantially 20-per cent point 150 154 150 | 153 | 148 
. : 30-per cent point | 164 169 | 165 | 165 | 4 
on eth and requires only 40-per cent point... wa | 181 188 | 180 | 182 180 
-pr . 2 _ 50-per cent point ee 207 | 198 | 200 20 
ment. ve b owers to supply the re 60-per cent point rete ina | 216 228 | 213 | 223 |} 227 
generation airs The atmospheric-pres- 70-per cent point | 230 246 | 294 243 250 
‘ ta" ° 80- t t. ; 245 2 259 
sure operation eliminates the necessity Shar enh pales 264 po | o 77 284 
i : : End point... . 304 302 | 302 | 305 320 
of employing ° catalyst feed leg as 3% Recovery, per cent by volume 98.5 98.0 98.0 98.0 98 5 
necessary 1n the reactor. Loss, per cent by volume 0.5 1.0 12 1.0 0.7 
Catalyst flow distribution. In or- —$$________ —$—____ — 
: *AFD-1C=1C method, Aviation Fuels Division, C.F.R. committee. 
der to secure a uniform contact between — 
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well suited for aviation produc- 
tion. 

Bead catalyst is the most important 
of these developments, and makes pos- 
sible significant gains in the manufac- 
ture of aviation-base stocks. With re- 
spect to the present aviation-fuel pro- 
gram the substitution of bead for clay 
catalyst will permit a large increase in 
plant output or a substantial rise in 
quality level. 

Although bead catalyst produces avi- 
ation base stocks of exceptional quality 
in conventional multi-pass operation, 
its performance in one-pass operations 
isequally striking. For example, by one- 
step processing of properly selected 
charge stocks over bead catalyst it is 
possible to produce good-quality avia- 
tion-base stocks for direct blending in 
high-grade aviation gasolines. This pro- 
vides considerable flexibility in process- 
ing, and may be translated into sub- 
stantial economic advantages either for 
wartime or postwar operations. 

Further improvement in two-pass 
processing technique for the production 
of aviation-gasoline-base stocks has been 
made possible by combining the advan- 
tages of the bead catalyst and the new 
type reactor. Briefly, the improved tech- 
que results in greater yield per unit 
Volume of charge stock, greater pro- 
duction per unit of TCC capacity, and 
higher quality of the product. 

_ The application of catalytic crack- 
ing for motor and aviation-gasoline pro- 
duction has been based almost exclu- 
sively on the utilization of gas oils as 
charging stocks. With the current em- 


Fig. 4. Typical catalysts. A—Clay 
granules. B.—Clay pellets. C.—Syn- 
thetic pellets. D.—Synthetic beads 


phasis on aviation fuels, it is only nat- 
ural that efforts should be directed to- 
ward finding additional sources of 
charge stocks especially suited for avia- 
tion-gasoline production. Recent TCC 
development work has demonstrated the 
suitability of a number of stocks for 
this purpose—stocks which are common 
to many refineries but which have hith- 
erto been diverted to motor gasoline or 
other products. 


Among the most attractive of these 
stocks are the light and heavy virgin 
naphthas. Catalytic reforming of these 
stocks in TCC units over bead catalyst 
produces exceptionally high yields of 


THE PETROLEUM ENGINEER, Reference Annual, 1944 


Fig. 3. Flow diagram of TCC process 


aviation-base stocks having leaded oc- 
tane ratings of 98 to 100 (AFD-1C). 
Moreover, the products have well-bal- 
anced boiling ranges, and meet all other 
aviation-gasoline specifications; hence, 
they may be considered as excellent avi- 
ation fuels by themselves, being equal 
to or superior to alkylate and similar 
synthetic fuels in many respects. The 
processing conditions required to ob- 
tain the optimum results vary accord- 
ing to the boiling range of the charge 
stock, but the TCC process has adequate 
flexibility to meet any choice of condi- 
tions without loss in efficiency or 
throughput capacity. Thus the TCC 
process opens up still another field of 
processing which can be done more ef- 
fectively by catalytic than by conven- 
tional thermal means. 


In addition to virgin gas oils and light 
and heavy naphthas, the range of poten- 
tial charging stocks suitable for TCC 
processing to aviation gasoline has been 
extended to include a variety of proc- 
essed naphthas. These include products 
obtained by thermal reforming, poly- 
forming, and hydroforming of virgin 
naphthas. Such stocks may be TCC- 
processed either over clay or bead cat- 
alyst to yield high-quality aviation- 
base stocks. 

Thus far the developments incorpo- 
rated in the TCC process have been 
discussed primarily from the stand- 
point of improving aviation-gasoline 
production. However, the improve- 
ments are of a basic nature and, there- 
fore, enhance no less the value of the 
process for motor-gasoline production. 



































As was pointed out in the previous 
paper,' motor gasolines of consistently 
high quality can be produced by TCC- 
cracking gas oils over clay catalyst. The 
clear CFR motor octane number of the 
motor gasolines normally produced in 
such operations ranges from about 77 
for paraffinic to 82 for naphthenic 
stocks. However, both the yield and 
octane number of the gasoline can be 
varied somewhat by changing the se- 
verity of the operation. In this connec- 
tion, it may be noted that the lighter 
the charge stock, the more severely it 
can be cracked within the coke-burn- 
ing limits of the catalyst regeneration 
system of the TCC plant, thus permit- 
ing an added degree of flexibility with 
respect to the yield and quality of the 
gasoline produced. 

With bead catalyst, it is possible to 
obtain still higher yields and quality of 
motor gasoline from a given cracking 
stock. The improvement in yield by 
substitution of bead for clay catalyst 
is directly related to the higher activity 
of the bead catalyst, while the CFR 
motor rating of the product is several 
octane numbers higher than that from 
comparable operations on clay catalyst. 
As applied in TCC processing, bead and 
clay catalysts are both good desulphur- 
izing agents, with a slight advantage in 
favor of the beads. Motor gasolines 
from bead-catalyst operation are also 
of considerably better volatility than 
from clay. The overall advantage of the 
bead catalyst in terms of increased pro- 
duction, saving in tetraethyl lead, and 
reduced finishing costs thus marks a 
high standard of performance in the 
field of catalytic processing for the pro- 








The Foaming Tendency and 
Stability of Crude Petroleum 


W. H. Somerton, University of 
California, presented a paper to the 
A.P.I., Chicago, November, 1943, on 
the foaming properties of crude pe- 
troleum. Methods of measuring foam- 
ing tendency and foam stability and 
of expressing the results of such 
measurements in readily comparable 
units are explained. Results were 
analyzed further to determine the 
influence of other physical proper- 
ties of the crude-oil-gas foam sys- 
tems on their foaming properties. 
Stability was found to be deter- 
mined by the viscosity of the crude 
alone, whereas the tendency to foam 
appears to be more a function of the 
composition of the system. 


| | 























duction of motor as well as aviation 
gasolines. 


Many of the developments made in 
connection with utilization of charge 
stocks other than normal boiling-range 
gas oils for aviation-gasoline production 
apply equally to motor gasoline. For 
example, preliminary but unpublishable 
data indicate attractive possibilities for 
TCC reforming of certain straight-run 
naphthas and viscosity-breaker gasoline 
for motor-gasoline production. In ad- 
dition, the TCC process can be adapted 
to the conversion of low grade stocks 
of high boiling range, such as are ob- 
tained from crude reduction, viscosity- 
breaking, and coking operations, into 
motor gasoline and other useful prod- 
ucts. 

















TABLE 2 
Properties of typical motor gasolines from TCC cracking of gas oils over clay catalyst 
Naphthenic* Paraffinict High sulphurt 
gas oil | gas oil gas oil 
Properties of 10-lb. motor gasoline: | 
Gravity, EN a5 Bacon icles ne 4cks ak bdiasemaauset §2.7 60.6 55.2 
PT I Ric vis.oicnicsonsecsevcc cvessees meee 9.5 | 9.6 10.2 
ieee vied can sgedv0rescatadadeswenuenst | Negative Negative Positive 
MONONA BONE ooo oo ies noose scceesesssscscees | Negative Negative Negative 
Copper-dish gum, mg. per 100 ml...................005- | 10 16 20 § 
Glass-dish gum, mg. per 100 ml..................00000- | 2 1 5 § 
Oxygen-bomb test, hours and minutes................... 8:30 12:30 ar 
Sulphur, per cent by weight...................0000008- 0.025 0.028 0.106 
Octane No.: 
CFR motor method (without TEL addition)............. 82.0 76.9 78.6 
CFR research method: 
orci y ha sbn a nepdd an ses aces secede 92.0 84.1 85.0 
ES NN ss 6.5. 56.60:06.00s0000csncesceseens 96.5 91.9 88.5 
EE errr ne eee: 98.5 93.7 90.1 
OE ee rere 99.2 95.1 91.0 
ASTM distillation, °F.: 
aig. css soe nscneevennessvvvsparnaers 88 90 93 
EN. 6 6085080 cccieseesessecs 110 110 118 
ERs 68006cceccordvncnscnceesa 125 121 140 
eee 156 145 168 
ER ror rr rere 198 175 199 
SEE Siicbtantacna seieeks cscbomseewpeannw 237 209 7 
ib nistnecesicbrccdcervaksechwpormesy 267 243 265 
ER bisects triseecsscsverevasscenctecne 276 297 
Re iccdyt<csvcevavevtcccovvedseecewnes 322 307 325 
cs isactindsaganesiasemunccbaddocniacad 346 337 350 
Td ysicc piri nese sarcvebesnnes caseessséc 369 376 372 
End point......... bbkees reed eK dwe RES CtKOReCeReEree 410 404 404 
Recovery, per cent by volume................ccececeees 97.5 97.5 97.5 
Loss, per cont by volume.........ccccccccccccccccscces 1.3 1.5 1.6 














*Aniline point, 145 °F. 
tAniline point, 176 °F. 





This charge stock has a sulphur content of 1.9 per cent by weight; aniline point, 154 °F. 
§Gum values after inhibiting with one part of alpha naphthol for 5000 parts of gasoline. 
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The TCC process also can be applied 
to advantage in refineries already hay. 
ing installed catalytic capacity (of the 
TCC or any other type) to increase 
their production of aviation or motor 
gasoline by processing cycle stocks ob. 
tained as byproducts from existing cat. 
alytic cracking operations. Due to their 
greater refractoriness, these cycle stocks 
produce somewhat lower gasoline yields 
than the corresponding virgin gas oils, 
but the products are of high quality, 

Reviewing these various develop- 
ments, it is evident that the TCC proc- 
ess now offers the unique possibility of 
utilizing substantially all crude distil- 
late fractions to produce high-octane 
aviation-base stock and useful byprod- 
ucts, with little or no auxiliary process- 
ing other than fractionation. In the 
manufacture of motor gasoline the same 
latitude in choice of stocks exists and, 
in addition, the output of motor gaso- 
line from a given TCC unit is much 
greater than that of aviation gasoline 
due to the wider boiling range of the 
product and the elimination of treating 
operations. This broad application of 
the TCC process involves utilization of 
stocks from paraffinic, naphthenic, and 
mixed-base crudes of both low and high 
sulphur content. The process is thus 
destined not only to play a vital réle in 
supplying the present and future high- 
octane fuels, but also will be an im- 
portant factor in conserving our petro- 
leum resources. This is now well rec- 
ognized by the petroleum industry at 
large, and is reflected in the following 
list of major oil companies now em- 
ploying or installing thermofor cat- 
alytic cracking units: 

1. Magnolia Petroleum Company 
2. Gulf Oil Corporation 
. The Pure Oil Company 
. Sinclair Refining Company 
5. General Petroleum Corpora- 
tion. 
. Continental Oil Company 
7. Crown Central Petroleum 
Corporation 
8. Ashland Oil and Refining 
Company 
9. Socony-Vacuum Lubrite Di- 
vision 
10. Richfield Oil Company 
11. Union Oil Company of Cali- 
fornia 
Socony-Vacuum Oil Com- 
pany, Inc. 
13. Standard Oil Company of 
California 
14. Tide Water Oil Company 


15. Sun Oil Company 


Reference 


1. “The Thermofor Catalytic Cracking Proc- 
ess,” Simpson, Evans, Hornberg, and Payne, 
Proc. A.P.I. 23 [III] 59 (1942). 


were 


~~ 


nN 


12 








THE PETROLEUM ENGINEER, Reference Annual, 1944 











Pplied 
i hay. 
of the 
Crease 
motor 
‘$ ob- 
 Cat- 
» their 
stocks 
yields 
$ oils, 
ty. 
velop. 
proc- 
ity of 
distil- 
ctane 
prod- 
rCess- 
1 the 
same 
and, 
gaso- 
much 
soline 
f the 
ating 
mn of 
on of 
, and 
high 
thus 
dle in 
high- 
im- 
etro- 
rec- 
ry at 
wing 
em- 
Cat- 


ny 


ng 
di- 


Proc- 
ayne, 


944 





AND NOW .. a Globe Valve built of 
KARBATE 


TRADE-MARK 


Corrosion-Resistant 
Material 













































-_ NEW, and unsurpassed in its com- 
bined chemical and physical properties for 
handling highly corrosive fluids...expressly 
designed for the chemical and process indus- 
tries... this ‘““Karbate” globe valve is now 
available in 1” and 2” sizes. There is no other 
valve with all of its features:— 


@ Resistant to practically all 
corrosive chemicals 


@ Unaffected by extreme thermal 
shock 


@ Fluids contact ‘“Karbate”’ 
material throughout 


@ Light and smal!—short face to 
face dimension 


@ Self-lubricating 


@ Available with steam-heating 
adapter 


Kemember, loo... 


in addition to valves, “National” Carbon, 
Graphite, and ‘‘Karbate” pipe, fittings, and 
pumps are available in a wide range of 
sizes for the fabrication of complete con- 
veying and heat transfer systems of prac- 
tically any design. Your inquiries are cor- 
dially invited. Write National Carbon Co., 
Cleveland 1, Ohio, Dept. July 1—31 G 





* BUY UNITED STATES WAR BONDS * 
NATIONAL CARBON COMPANY, INC. 


Unit of Union Carbide and Carbon Corporation 


UCC) 


CARBON PRODUCTS DIVISION, Cleveland 1, Ohio 
New York, Pittsburgh, Chicago, San Francisco 





The registered trade-marks “National” and “Karbate” distinguish products of National Carboa Company, Inc. 
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Fluid Catalyst Cracking for Premium Fuels* 
By E. V. MURPHREE?t, H. G. M. FISCHER?, E. J. GOHRt, W. J. SWEENEY?t, and C. L. BROWN? 


NUMBER of large fluid catalyst 
cracking units are now in success- 
ful operation producing large quantities 
of war products. The latest of these, of 
simplified and improved design, was re- 
cently brought onstream. More than 30 
of such plants are being completed in 
the United States and in foreign refin- 
ing centers. Actively contributing to 
the prosecution of the war, cach instal- 
lation is now operating with the objec- 
tive of providing maximum quantities 
of highly aromatic aviation-base stocks 
and raw materials for alkylate, as well 
as for synthetic-rubber and toluene pro- 
duction. These operations have estab- 
lished the fluid catalyst process as an 
economical basic cracking installation 
for producing aviation fuels, particular- 
ly in terms of critical material require- 
ments. It is the purpose of this paper to 
present, insofar as war restrictions per- 
mit, some technical aspects and results 
of the commercial development of the 
fluid catalyst process, and to review 
typical applications of this process that 
have, or will be, made in the production 
of premium aviation and motor fuels. 
Commercial history. The first com- 
mercial fluid cracking units to be put 
into operation were designed before the 
entrance of the United States into the 
present war, and were planned for nor- 
mal peacetime production of premium 
motor fuels. Engineering design of the 
first of these was based on a background 
of experimental and semi-plant expe- 
rience in continuous fluid cracking as 
well as in intermittent, fixed-bed opera- 
tions. The first commercial plant was 
placed in operation at the Baton Rouge 
refinery of the Standard Oil Company 
of Louisiana. 


Initial operations at the Baton Rouge 
plant of necessity were conducted for 
the production of motor gasoline em- 
ploying a natural clay catalyst, inas- 
much as the synthetic catalyst required 
for war-products operations was not 
available at that time. For a period of 
54 days, heavy wide-cut paraffinic gas 
oils were processed continuously with 
but one short shutdown for routine 
equipment inspection. Performance of 
the plant in general was smooth, and 
was characterized by easy control of 
catalyst flow and process conditions. 
After synthetic catalyst had become 
available, and following minor revisions 
to the catalyst-recovery system, the 
unit was brought onstream for war- 
products production—subsequently op- 
erating continuously for five months 





*Presented before American Petroleum Institute, Chi- 
cago, Illinois, November 11, 1943. 


TStandard Oil Development Company. 
tStandard Oil Company (Louisiana) 
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without a shutdown. Currently, the 
Baton Rouge unit is operating once- 
through—producing butylenes for rub- 
ber and alkylation, in addition to light 
paraffinic and heavy aromatic aviation- 
gasoline components. 

Two other fluid plants, of essentially 
the same design as the Baton Rouge 
unit, are in operation: One at the Bay- 
town refinery of the Humble Oil and 
Refining Company, and the other at the 
Bayway plant of the Standard Oil Com- 
pany of New Jersey—both producing 
alkylate feed stocks and aviation gaso- 
line. The Bayway plant currently is 
producing aviation gasoline of higher 
quality by subjecting the material from 
the cracking unit to further catalytic 
processing. 

New improved and simplified designs 
have been developed, particularly in the 
catalytic section. Operating experience 
to date with this type of unit, on full 
commercial scale, has demonstrated 
even greater flexibility and ease of con- 
trol for this design as compared to the 
first. Upon completion of the planned 
installations of fluid plants of this gen- 
eral type, the installed capacity of fluid 
catalyst cracking will exceed that of 
any other catalytic cracking process. 

Typical commercial operating results, 
both process and mechanical, are pre- 
sented and discussed in subsequent sec- 
tions of this paper. 

Description of commercial plant. 
Fluid-catalyst cracking plants embody 
a new chemical engineering technique 
wherein solids are handled in a “fluid,” 
or freely moving, state such that a 
solids-mass can be circulated much in 
the same way as a liquid. A description 
of this technique was published in an 
earlier article. Practically, the applica- 


tion of this technique in the catalytic 
cracking of petroleum has resulted in 
substantial simplifications in design, and 
operating ease over conventional fixed. 
bed processes, and also has imparted to 
the fluid-type catalytic plants a degree 
of flexibility in control of operating 
variables such as has not been hereto- 
fore possible with either the fixed- or 
the moving-bed type of catalytic plants, 
A simplified flow diagram illustrating 
the essential features of the first com- 
mercial fluid catalyst plant design is 
presented in Fig. 1. 

A fluid plant, as indicated in the 
diagram, is composed of essentially three 
sections: viz., cracking, regeneration, 
and fractionation. The cracking reac- 
tion takes place continuously in one re- 
actor, the spent catalyst being removed 
(and replaced) continuously for simul- 
taneous regeneration in a separate vessel. 
Continuity of flow of catalyst, as well 
as of oil, thus is accomplished—with the 
result that the characteristic features 
of fixed-bed designs involving the in- 
termittent shifting of-reactors through 
cracking, purging, and regeneration 
cycles are eliminated. The flow through 
the plant is as follows: 

Regenerated catalyst from a storage 
hopper flows by gravity down through 
a standpipe wherein a pressure head is 
built up on the catalyst. The latter then 
is injected into the fresh oil vapor which 
carries the catalyst to the cracking re- 
actor. The velocity in the reactor is low 
so as to maintain a high concentration 
of catalyst, and cracking occurs with a 
subsequent deposition of carbon on the 
catalyst. Although high concentrations 
of catalyst are obtained in the reaction 
vessel, the solid-gas mixture is extreme- 
ly turbulent and resembles a boiling 
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Fig. 1. Fluid catalyst cracking plant 
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Fig. 2. Fluid catalyst cracking for motor fuel. Product distribution; commercial 
operations; natural catalyst; heavy paraffinic gas oil feed 


liquid in many respects. The mixture 
of cracked products and spent catalyst 
from the cracking zone are separated 
in dust-recovery equipment. The crack- 
ed products flow to fractionating equip- 
ment for separation into desired com- 
ponents. The spent catalyst drops into 
a storage hopper, flows down a stand- 
pipe, is picked up by an undiluted air 
stream, and is carried to the regenerator 
in which carbonaceous deposits are re- 
moved by combustion. The mixture of 
flue gas and catalyst from the regener- 
ator are separated, the catalyst drop- 
ping into the regenerated catalyst hop- 
per to complete its cycle. 


The heat evolved from the combus- 
tion of the carbon deposited on the cat- 
alyst is utilized to preheat gas-oil feed 
and also to produce steam. In order to 
avoid excessive temperature increase in 
the regenerator, catalyst is recycled 
through a separate standpipe and 
through oil coolers, as shown in Fig. 1. 
Subsequent development has indicated 
that it is feasible, moreover, to dissipate 
a greater portion of the heat of com- 
bustion to the preheating of fresh feed 
by introducing the hot catalyst directly 
into the cold oil, eliminating thereby the 
need for externally-fired vaporizing 
equipment. 


Operation of the fluid cracking plant 
is virtually automatic. The rate of cat- 
alyst flow, for example, is controlled 
by a mechanism actuated by changes in 
the density of the catalyst-oil mixture. 
Flow of catalyst to regeneration is reg- 
ulated by the level of catalyst in the 
spent-catalyst hopper. Similarly, regen- 
eration temperature is governed by au- 
tomatic control of the quantity of 
catalyst circulated through the heat ex- 
changers. 


Reaction temperatures can be varied 
by the quantity of heat applied to the 
oil in the furnaces and also very sub- 
stantially by the amount of hot catalyst 
circulated. Liquid or vaporized stocks 
are processed with equal ease. In com- 
mercial operations, reactor temperatures 
have ranged from 800 to 1000°F. Re- 
generation temperatures similarly can 
be varied widely, and are maintained nor- 
mally between 1000 and 1200°F. The 
depth of cracking may be governed in- 
dependently of temperature by the ratio 
of catalyst to oil flow and by other 
process variables. Because of the method 
employed in handling the catalyst, ex- 
ceptionally large amounts can be cir- 
culated, permitting great variation in 
the intensity of treatment. High crack- 
ing temperatures, above the range nor- 
mally possible by other processes, are 
readily obtained through the high cat- 
alyst circulation in the fluid process. 
These features are of considerable im- 
portance, inasmuch as the character of 
products resulting from catalytic crack- 
ing is affected extensively by both tem- 
perature and conversion level. 


Fig. 3. Fluid catalyst cracking for motor fuel. Product quality; commercial operations; natural catalyst; 
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TABLE | 
Quality of motor fuel from commercial 
operation with synthetic catalyst 


Feed properties 


Gravity, deg. A.P.1 34.7 
Initial boiling point, 412 
50-per-cent-point, ; 586 
End point, “F...... 752 
Motor gasoline properties 

Gravity, deg. A.P.I . 55.0 
Reid vapor pressure, Ib. = 10.1 
Sulphur, per cent by weight 0.04 
Copper-dish gum, mg. per 100 ml... 10 
Breakdown, hr 13 
Acid heat, °F 138 
Initial boiling point, °F... 93 
Tcicent over at: 

i 27.0 

i a : 46.0 

284 °F. : 64.5 
90-per-cent point, * — 
End point, eee ee 
Octane No.: 

ASTM: with no addition of TEL 82.6 

CFR-R: with no addition of TEL... 96.2 

plus 1.5 ml TEL per gal ; i. 2 
plus 3.0 ml TEL per gal... . §+0.01* 


*Reference fuel “R"” plus 0.01 ml TEL per gal. 








TABLE 2 
Comparison of commercial and pilot plant 
cracking to obtain motor gasoline— 
using natural catalyst 


Commer-, Pilot 
cial seale, plant 
Feed stock 
Gravity, deg. A.P.1 30.5 31.7 
50-per-cent point (ASTM distilla- 
tion), °F 90 680 
Yields on feed 
per cent by volume 
Gasoline (10-lb. Reid vapor pres- 
sure 42.0 45.0 
Excess butane 7.5 47 
Gasoline (100 per cent 4 49 5 49 7 
Gas oil 50.0 50.0 
Dry gas, per cent by weight 6.2 5.0 
Carbon, per cent by weight  e 28 
Motor gasoline properties 
Gravity, deg. A.P.1 H0.3 60.4 
ASTM distillation 
Initia! boiling point, “! 101 95 
Per cent over at 
122 °F. 55 6.0 
158 °F. 22 5 24 0 
> he 45.0 46.0 
257 °F. 64.0 615 
356 °F. 92.5 90.0 
End point, °} 385 400 
Color +20 +20 
Aniline point, I 85 87 
Sulphur, per cent by weight 0.03 0.04 
Bromine No 93 75 
Octane No.:; 
ASTM: with no addition of 
PS 19.4 
CFR-R (1939): with no addi- 
of TEL 92.9 92.0 
plus 1.5 ml 
TEL per ga 97.3 97.0 











In general construction, fluid cat- 
alytic cracking plants do not differ a 
great deal from conventional low-pres- 
sure refinery equipment. Carbon steel 
has been used for the most part in the 
plants, and most of the equipment is of 
conventional type. Moreover, the plants 
are characterized by the absence of tim- 
ing devices and mechanical equipment 
for circulating the large quantities of 
catalyst. No unusual equipment has 
been designed to combat erosion, be- 
cause this has been controlled primarily 
by proper choice of velocities, stream- 
lining, and use of protective wear 
plates. 
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The newer design fluid plants differ 
in several major respects from that typi- 
fied in Fig. 1 and, as a consequence, are 
simpler and more compact in design and 
in construction, in addition to being 
inherently more flexible in operating 
characteristics. 

Operating performance of com- 
mercial plants. The basic soundness of 
the fluid catalyst technique as applied 
to the cracking of petroleum has been 
amply demonstrated by present com- 
mercial experience. Continuous runs of 
as long as five months have been achiev- 
ed, and six months’ maintenance re- 
quirements for the initial operations of 
the Baton Rouge and Bayway plants—- 
which include minor revisions to equip- 
ment—have been found to. be at the 
rate of 5 to 6 per cent per year of the 
capital investment. Normal require- 
ments should thus be considerably be- 
low thermal cracking. 

The recovery of catalyst, in general, 
has been satisfactory, despite periods in 
which high losses were experienced be- 
cause of faulty mechanical conditions 
in the dust-collecting equipment. In 9 
months of operation on the Baton Rouge 
unit, actual catalyst losses averaged 
about 0.4 lb. per bbl. of feed. This fig- 
ure includes rather high losses in the 
starting up of the unit, which should 
be eliminated with future experience. 
On the Bayway unit overall losses dur- 
ing the past 4 months have shown an 
average of 0.26 lb. per bbl. This includ- 
ed one turn-around period during which 
higher losses are normally obtained. 





Losses on this unit for the past month 
have averaged 0.12 lb. per bbl. Minor 
improvements and adjustments to the 
catalyst-recovery equipment in all 
plants are being continued to achieve 
better efficiency, and it is expected that 
catalyst losses from a large commercial 
fluid catalyst unit ultimately will be 
around 0.15 Ib. per bbl. 

Maintenance of catalyst activity in 
the commercial plants has been satis- 
factory. Inasmuch as a continuous re- 
placement of catalyst inventory occurs 
by the addition of fresh catalyst to re- 
place losses, fluid catalyst achieves what 
might be termed an equilibrium actiy- 
ity, and no replacement of the total 
inventory is made periodically as with 
conventional fixed-bed catalyst proc- 
esses. The catalyst in most of the com- 
mercial fluid units has reached this 
state, and its performance as regards 
cracking ability and product distribu- 
tion has been in accordance with ex- 
pectations. 

The flow of fluidized solids in com- 
mercial operation has been character- 
ized by the same smoothness and ease 
of control experienced in the pilot-plant 
development work. Erosion of equip- 
ment by the circulating catalyst has 
not been serious. Such erosion as has 
been found is being reduced progres- 
sively, and it is expected that this fac- 
tor ultimately will be virtually elimi- 
nated, Repair-materials requirements 
for the Baton Rouge and Bayway units 
have been at the rate of 0.8 to 1.7 per 
cent per year of the capital investment. 





Feed properties 
Gravity, deg. A.P.I.. 
Aniline point, °F....... 
Sulphur, per cent by weight 


Product yields (per cent Le volume) 
Motor aan wticoe 
Excess butane........ 


Gasoline (100 per cent C,).. 
Cracked gas oil........... 
Dry gas, per cont by weight...... 
Carbon deposit, per cent by weight 


Motor gasolinet anton 
Gonvttg, Gag, O75... occ ccesess : 
Reid vapor pressure, lb. . 
ASTM distillation: 

™ — at: 


End point, °F. 
Recovery, per. cent 
Aniline point, °F. . 
Sulphur, per cent by weight 
Acid heat, 
Breakdown, br.. 
Octane No.: 
CFR-M§: without addition of TELt. 
plus 1.5 ml TEL per gal.... 
CFR-R (1939): without addition of TEL.... 
plus 1.5 ml. TEL per gal. ..... 
Cracked gas oil properties} 
Oe ES: eee 
50-per-cent point (ASTM distillation), °F. 
Aniline point, °F 





“*Reid vapor pressure, 10 lb.; end point, 400 x 


tTetraethy] lead. 
§ Motor method. 





TABLE 3 


Motor gasoline production and quality from fluid catalytic cracking of gas oils 


| 


+ 


tInspections on product as produced without further treatment. 








East Texas | West Texas | West Texas Coastal 
wide c cut wide cut heavy wide cut 
ee oe 22.3 22.1 

130 | 169 4 171 180 
0.48 | 1 80 2.49 0.63 
| 
4.0 | 43.2 | 46.0 46.2 
4.3 3.0 2.0 4.0 
49 3 46.2 48.0 50.2 
512 | 51.2 51.2 51.2 
4.3 6.3 5.6 5.4 
1 | 11 34 2.6 
60.5 58.2 58.2 57.0 
10.0 | 10.0 | 10.0 10.0 
25.5 18.5 18.5 23.0 
57.0 42.0 38.0 43.5 
406 400 } 401 406 
97.5 97.5 | 97.5 97.0 
85 | 6 82 71 
0.03 | 0.18 | 0.246 0.044 
159 j 162 186 180 
9 | 14.5 13 10 
80.5 79.4 77.9 80.5 
84.6 §3.0 81.2 84.7 
92.0 91.9 91.3 94.3 
97.0 95.9 95.3 98.1 
30.0 23 .6 22.7 22.0 
572 } 605 605 563 
144 129 124 96 
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ILLIONS of gallons of 100 octane gasoline were required to 
start the invasion of Europe on June 6th. 


The Link-Belt Herringbone Gear Speed Reducer (pictured here) 
equipped with an explosion proof electric motor, is operating a Kinney 
rotary transfer pump in the largest entirely new 100 octane gasoline 
plant in the world . . . Cities Service Refining Corporation at Lake 
Charles, La. It is one of many Link-Belt Speed Reducers now doing 
a vital job in high octane gasoline plants, synthetic rubber plants, 
chemical plants and other war industrial plants. 


Link-Belt enclosed herringbone gear speed reducing and increasing 
units are made in three types, 45 standard sizes. Ratios 2.8 to 1 to 
318 to 1, 14% H.P. to 250 H:P. Link-Belt worm gear reducers are 
made in 7 types, 62 standard sizes. Ratios 35 to 1 up to 8,000 to 1. 
1, H.P. to 100 H.P. Link-Belt motorized helical gear reducers are 
available in 16 standard sizes, ratios 6.2 to 1 to 292 to 1, 1 H.P. to 
75 H.P. Send for catalogs. 


LINK-BELT COMPANY 


Indianapolis 6, Dallas 1, Houston 2, Los Angeles 33, Kansas City 6, Mo., New York 7, 
Toronto 8. 


Also manufacturers of silent chain drives, roller chain drives, rotary “‘SS’’ Class chain drives, 
roller and ball bearings, and other transmission equipment, mud screens and _ cranes. 


LINK-BELT,52ze2, 


HERRINGBONE a , seem 
GEARY Ne bee HELICAL 


3 : 


aN 


| 
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Motor-fuel operation. Catalytic 
cracking for motor-gasoline production 
normally is carried out by contacting 
light- or heavy-crude fractions with 
catalysts at moderate temperatures in 
single-pass operations. Commercial 
fluid operations for motor fuel to date 
have been limited to brief periods with 
the purpose of establishing operability 
of equipment before proceeding with 
regular war-products operations with 
synthetic catalyst. The initial period of 
operation at the first Baton Rouge plant, 
however, was of sufficient length to es- 
tablish the yields and quality of prod- 
ucts on a large-scale production basis. 

The wide-cut paraffinic gas oil proc- 
essed in the Baton Rouge plant during 
this period resulted in the product dis- 
tributions as indicated in Fig. 2. Crack- 
ing temperatures and depth of crack- 
ing, both of which were varied over 
relatively wide ranges, have an ef- 
fect on the yields of various compon- 
ents. With a given temperature, motor- 
gasoline (100 per cent C,) yields rang- 
ing from 43 to 53 per cent were ob- 
tained depending on the level at which 
conversion was maintained; dry-gas and 
carbon production increased simultane- 
ously, at the expense of yield of the 
heavier products. Cracking at higher 
temperatures resulted in a decrease in 
motor-fuel production, with a corre- 
sponding increase in dry gas, for a 
given conversion of gas oil feed. 

Quality characteristics of the motor 
fuels and heating oils which correspond 
to the yields presented are summarized 
in Fig. 3. Anti-knock quality of the 
motor-fuel products (with no addition 
of TEL and with a Reid vapor pressure 
of 10 lb.) obtained from cracking op- 
erations at moderate temperature with 
the paraffinic gas oil showed a CFR-R 
octane number of approximately 92, 























TABLE 4 
Typical product quality of catalytic aviation base stocks—commercial operations— 
synthetic ‘catalyst 
Paraffinic feed stocks Naphthenic feed 
; ae es Tila _Single-stage_ 
Type of operation............ Single-stage | Two- 
“Se 0 & | stage 
Temperature level........--+. Low | High | ao, | High | Low | High | High 
Feed stock (gravity, oe. < Ree 36.7 36.1 36.1 | 30.5 33.8 29.6 29.6 
Gas oil conversion, per cent................ 52.7 64.0 64.0 | 60.0 56.6 63.5 81.3 
Aviation gasoline 
nel ee 7.0 7.0 6.8 | 7.0 7.0 6.9 6.9 
eS) aaa 56.4 58.2 57.8 57.7 55.8 51.3 
Aniline point, °F...... eee. TL 45 | 84 | 69 75 34 t| 2 f¢ 
oo ae ee eA 135 | 6 36 44 144 ¢/ 100 ¢ 
Bromine No., centigrams per gram........ 22 64 0 | 12 22 45 t]| 22 + 
roe per cent by weight..... aie 0.02 OO5 i 4... 0.03 0.03 0.03t 0.03 
M distillation: | 
Per cent by volume over at: } 
DM CakhGbbsecisn contains vesekiawinas 33.5 34.5 28.5 31.0 29.0 28.5 24.0 
: SER a ere re 61.0 56.5 54.0 55.0 53.0 55.5 46.5 
PN EE a6 ecdgies wenpravecssanseaddonn 84.5 80.0 81.5 77.0 77.5 85.0 75.0 
ok, SE ee eee eee 91.0 90.0 | 91.0 0 88.5 92.7 91.4 
NG, Wide naccvetanebaneaesenwedd 332 22 | 318 318 326 319 320 
Octane No.: 
ASTM: without addition of TEL....... 81.0 82.7 80.4 | 83.2 81.5 81.7 t| 86.0 f 
AFD-1C: plus 4 ml. TEL per gal.........] 93.3 91.7 | 98.2 96.5 94.9 92.6 $] 97.43 
| 
"*Shows high- temperature gasoline from column 2 2 after hy drogenation. 
tInspected on pentane-free basis. 
yRated with pentanes added for 7-lb. Reid vapor pressure. 























regardless of conversion level. Opera- 
tions at high temperature, however, re- 
sulted in a higher quality product, viz., 
one with a CFR-R octane number of 
approximately 94—presumably because 
of the larger amount of olefins in the 
naphthas thus produced. The addition 
of 3 ml per gal’of TEL to 2 typical 
motor gasolines of 10 lb. Reid vapor 
pressure improved anti-knock quality 
to CFR-R octane numbers of 98.5 and 
99.5, as follows: 





Type of catalyst Natural 

( ‘racking temperature............. Moderate | High 
Gas-oil conversion, per cent....... 54 61 
ASTM octane No. (no addition of 
| SIR SS ee 79.8 80.7 
CFR-R octane No.: 
p Without addition of TEL........ 92.4 95.7 

Plus 1.5 ml. TEL per gal........ 97.0 98.0 
P Plus 3.0 ml. TEL per gal........ 98.5 99.5 








Increasing operations with synthetic 
catalyst, motor naphthas of higher than 


100 CFR-R octane number (with 3 ml 
TEL per gal.) have been produced in 
commercial fluid operations from both 
parafhnic- and naphthenic-type feed 
stocks. Typical results on a light par- 
affinic gas oil are shown in Table 1. It 
is evident that high quality motor fuels 
can be produced by fluid catalyst crack- 
ing. 

The volatility of the motor fuels pro- 
duced with cracking of the paraffinic 
gas oil increased with conversion levels, 
as did the A.P.I. gravity. Stability of 
the fluid catalytic naphthas was good, 
and no finishing treatment was required 
aside from a light cautic wash and the 
addition of an inhibitor. The heating- 
oil-fraction properties also vary with 
conversion—a somewhat lower A.P.I. 
gravity and a lower boiling stock re- 
sulting as conversion increases. The 
stock as produced is of excellent sta- 





Fig. 4. Aviation gasoline by fluid catalyst cracking 
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ony 1 BUTANE __! isomERIZATI 
GAS @6 BBLS ISOMERIZATION. 
—— — 
BUTANES 
naa ALKYLATION add | 
oO} | 
2| ee Recsicnsieasmens = = 
S| 
| & 
100 BBLS VIRGIN G&S OL _.| LIGHT NAPHTHL - jam rearing [+ LIGHT NAPHTHA 
315° API 650 °F MaP ] 3| ieee, 
| | 
oO} 
| ol HEAVY NAPHTHA HEAVY NAPHTHA 
| 3 . 
| =| 
MOTOR FUEL os, 100 _O.N. AVIATION FUEL > 
} 6.6 BBLS 66.3 BBLS 
7 | LIGHT FUEL OILS a 
35 BBLS VIRGIN NAPHTHAS 
12.2 BBLS 
TETRAETHYL LEAD 
4CC/GAL 100 O.N PRODUCT 
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TOP STABILITY (7 Contro/ 
of! Ins trtute Butadiene Plant! 
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One of the 4 units of the Institute Butadiene Plant, 
designed and operated by Carbide & Carbon 
Chemicals Corp. is controlled from this room. 





Dr. of the most significant operations of the whole 
synthetic rubber program has been the Institute, W. Va. 
plant, designed and built by Carbide and Carbon 
Chemicals Corporation for Defense Plant Corporation, 


and operated by Carbide for the 
Rubber Reserve Company. Its 80,000- 
ton per year Butadiene production, 
made available 13 months ago, has 
contributed an important share of 
the raw material to tide over the 
Nation’s rubber shortage. 


In the development of this plant, 
every detail was selected to give 
absolute “top” performance. To 
insure top stability in control, the 
engineers specified many Stabilog 
Controllers by Foxboro. 





> REG. U.S. PAT.OFF. —~ 
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SEED IOG contoters by 





This is but another example of the process industry's 
preference for Stabilog Controllers, wherever smooth- 
est, closest, stabilizing control is essential. In hundreds 
of installations, engineers have found that today’s 


HYPER-RESET Stabilog Controller 
requires no complicated adjust- 
ments to put even the closest-operat- 
ing processes on accurate stream. A 
simple, positive routine speedily 
establishes optimum adjustment... 
provides process stability never 
even approached before! 


Write for Bulletin A-330 on the 
HYPER-RESET Stabilog Controller. 
The Foxboro Company, 130 Nepon- 
set Avenue, Foxboro, Mass., U.S. A. 


Branches in principal cities 





————— 



























































































Fig. 5. Reaction vessel in fluid catalyst 
cracking plant, in which oil and 
catalyst are contacted 


bility. Pour point of the heating oil as 
produced from the unit ranged from 
—10to+ 10°F. 

Plant throughput, during the period 
for which results have been presented, 
exceeded nominal design capacity by a 
substantial margin. As is indicated in 
Table 2, commercial yields, product 
quality, and operating conditions were 
in good agreement with those obtained 
in the semi-commercial 100-bbl.-per- 
day pilot plant. Typical pilot-plant re- 
sults on 3 feed stocks are presented in 


Table 3. 


Although it has been demonstrated 
that the cracking of virgin gas oil to 
gasoline and other products in commer- 
cial operations can be carried out over 
a wide range of temperatures and con- 
version levels, the choice of the specific 
level to obtain optimum operations is 
dependent largely upon such economic 
considerations as the relative demand of 
heating oils and gasoline, availability of 
quantity and type of feed stocks, price 
structure, etc. With normal prewar de- 
mands for furnace oils, a yield of about 
45 per cent of 10-lb. Reid vapor pres- 
sure motor gasoline was generally fa- 
vored. However, with increased em- 
phasis on maximizing motor-fuel pro- 
duction from raw material, it may be- 
come desirable to process further the 
gas oil unconverted in single-stage cat- 
alytic cracking. Experimental fluid 
cracking of virgin stocks, with internal 
recycling of the catalytic gas oil, for 
example, has yielded as high as 80 per 
cent of motor gasoline (100 per cent 
C,) based on fresh feed. However, 
cracking of the cracked gas oil also can 
be accomplished thermally to yield 40 
to 50 per cent motor fuel based on the 
feed to the thermal operation—the yield 
depending on the characteristics of the 
cracked gas oil. 
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Catalytically-cracked gas oils are 
rather refractory toward further crack- 
ing, and tend to produce larger amounts 
of carbon and dry gas than virgin gas 
oils—thus resulting in reduced yields if 
operations proceed to ultimate gasoline 
yield. It has been found, however, that 
the undesirable constituents in the 
cracked gas oil can be eliminated by 
hydrogenation, with little or no gaso- 
line formation and, consequently, with 
low hydrogen consumption, to produce 
a gas oil which is in most cases superior 
to virgin stocks in cracking quality. 
On the basis of experimental yields ob- 
tained from cracking and hydrogena- 
tion operations, it has been calculated 
that single-stage catalytic cracking, 
followed by ultimate-yield thermal proc- 
essing of the cracked gas oil, would 
compare as follows with an ultimate- 
yield operation in which the cracked 
gas oil is lightly hydrogenated and then 
returned to catalytic cracking: 


Catalytic | Catalytic 
plus cracking 
thermal | plus hydro- 
cracking genation 
Yield on virgin feed 

(per cent by volume) 
Gasoline (10-lb. Reid vapor 








"| eee 63 92 
Excess butane.............. 5 13 
Gasoline (100 per cent Cy)... 68 | 105 
Tar (12 deg. A.P.I.)........ 30 re 
ASTM octane No.......... 75 | 82 

| 


It will be noted that a large increase 
in yield on original gas oil in indicated 
through use of hydrogenation. More- 
over, higher octane-number gasoline is 
produced, inasmuch as substantially all 
of the gasoline is of catalytic origin. 
Utilization of this technique should be 
of growing interest as petroleum re- 
serves become more limited. 


War-products operation. All com- 
mercial fluid plants now in operation 
are engaged in the production of war 
products. The fundamental difference 
between motor and war-products op- 
eration lies in the catalysts which gov- 
ern the cracking reaction. The catalyst 
now in use in fluid plants producing 
war materials is a synthetic material 
which is particularly applicable to this 
type of operation. Due to the réle that 
these operations are playing in supply- 
ing the nation’s current military needs, 
only a general discussion of types of op- 
eration and qualities of products can 
be made at this time. 


In cracking with synthetic catalyst, 
as with any other type, product distri- 
bution and naphtha composition are 
affected to a large extent by the type 
of feed stock charged, and by the tem- 
perature and depth of conversion at 
which cracking is carried out. The gen- 
eral effect of these variables when gas 
oils are processed is summarized as fol- 
lows: 
























Fig. 6. Fluid catalyst regeneration ves. 
sel in which carbon is continuously 
burned from spent cracking catalyst 


a. Temperature: Formation of sat- 
urated paraffins at a given conversion is 
favored by low temperatures. Aviation 
gasolines produced at the lower temper- 
ature levels are characteristically high 
in saturated isoparaffin content, but are 
low in aromatic concentration. High- 
temperature operations, on the other 
hand, lead to more highly unsaturated 
aad, particularly, more aromatic fuels, 
Unsaturation in the butane and pen- 
tane fractions is affected similarly. 

b. Conversion: Depth of cracking 
affects both yield and composition toa 
major degree. The higher conversions, 
at a given temperature, yield more high- 
ly aromatic and more saturated fuels. 


c. Feed stock: Naphthenic feed 
stocks can be cracked to satisfactory 
yields of aviation gasolines which are 
generally of higher quality than those 
obtained from paraffinic stocks. With 
a given type of stock, boiling range also 
affects results—the lighter and more 
refractory stocks generally yielding 
products which are more saturated. It 
is to be mentioned that, regardless of 
the cracking conditions at which a 
naphtha is produced, further catalytic 
processing of this naphtha in subsequent 
and separate operations will result in 
further improvement in aviation-gaso- 
line quality, largely through the elimi- 
nation of olefinic compounds. 

In applying catalytic cracking to the 
production of war products, therefore, 
optimum type of operations are deter- 
minded by consideration of combined re- 
finery operations, inasmuch as, for ex- 
ample, the production of raw materials 
for alkylation is of equal importance to 
the production of aviation-base stock 
itself. The flexibility of the fluid cat- 
alyst process permits choice of crack- 
ing operations over wide ranges of tem- 
perature, conversion, and feed stocks; 
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Quality is responsible for Wyatt fabricated prod- 
ucts being used in 123 of the 191 plants now 
making fighting fuel to help win this war. 














Fig. 7. Operator withdrawing sample 
of fluid catalyst from commercial plant 


and thus the operations which are most 
suitable to a particular refinery situa- 
tion can be applied readily. With cur- 
rent aviation-fuel specifications and de- 
mands, single-pass high-temperature 
operations at moderate conversions ap- 
pear optimum from a standpoint of 
utilizing most efficiently a given crack- 
ing capacity when cracking paraffinic- 
type stocks. 

Characteristics of typical aviation- 
gasoline-base stocks produced over a 
rather wide range of conditions in com- 
mercial units are given in Table 4. It 
will be noted that the higher tempera- 
tures of operation give, before further 
treatment, a total aviation cut having 
somewhat poorer AFD*-1C anti-knock 
quality than that produced in low-tem- 
perature cracking. This is due primarily 
to the more highly olefinic nature of the 
high-temperature stocks—which, how- 
ever, are more aromatic. It is pertinent 
that the olefins in the catalytic naph- 
thas are concentrated largely in the 
fraction boiling up to 225°F. In prac- 
tice, therefore, this fraction generally 
is treated to remove olefins, whereby a 
superior-quality fuel is produced, or is 
discarded to motor fuel and replaced 
by natural naphtha while the heavy 
highly aromatic naphtha in the 225 to 
350°F. boiling range is blended directly 
into aviation naphtha. The production 
of raw materials for alkylation is con- 
siderably higher in high-temperature 
cracking; and, when overall aviation 
production is under consideration, 
cracking at these conditions is definitely 
superior to that at low levels. 

Elimination of the olefinic constitu- 
ents of the naphthas produced at high 
temperature to improve AFD-1C anti- 
knock quality may be accomplished in 
a number of ways. Two methods which 
have been utilized commercially are hy- 





*Aviation Fuels Division. 
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drogenation and catalytic treating. Re- 
sults obtained from such processing are 
shown in Table 4, and it is apparent that 
final products of high anti-knock qual- 
ity (96.5-98.0 AFD-1C) result. An- 
other method is the application of se- 
vere acid treating, whereby comparable 
improvements may be obtained through 
removal of olefins by polymerization. 
Spent alkylation acid has been found to 
be suitable for this treatment. Inas- 
much as most of the integrated avia- 
tion-gasoline operations use alkylation, 
the application of acid treating is of 
considerable interest. 

Naphthenic stocks yield, in general, 
better quality aviation-base stocks than 
paraffinic feeds at comparable crack- 
ing conditions. Table 4 illustrates that 
extremely high quality stocks can be 
produced when cracking proceeds at 
severe once-through conditions. Severe 
operations of this nature produce in- 
creased quantities of aromatics in the 
aviation-gasoline boiling range, and re- 
duce at the same time the olefins which 
reduce AFD-1C anti-knock quality. 


Application of fluid cracking for 
aviation-gasoline production in 
combination with other refinery op- 
erations. To evaluate properly catalytic 
cracking operations for production of 
aviation fuel, the process must be con- 
sidered in combination with other re- 
finery processes, particularly alkylation; 
because, in a broad sense, catalytic 
cracking is essentially a source of alky- 
late as well as of premium aviation-base 
material. 


One application of fluid catalytic 
cracking in integrated refinery opera- 
tions for aviation-fuel production is 
outlined in Fig. 4. This illustration is 
based on processing a typical heavy- 
paraffinic gas oil at high temperature; 
the butylenes and amylenes produced 
are alkylated with isobutane, and the 
light catalytic naphtha is severely acid- 
treated with sulphuric acid to improve 
AFD-1C anti-knock quality by remov- 
ing the olefins therein. The catalytic 
heavy-aromatic fraction, which is high 
in anti-knock quality as produced, is 
blended directly into the final gaso- 
line. The blend of alkylate and naphthas 
from the catalytic operation is substan- 
tially higher in octane number than 
specifications require, and readily avail- 
able virgin naphthas, which are of com- 
paratively low quality, are blended in 
such quantity that the final blend will 
meet specifications—thereby increasing 
the volume of specification aviation 
product. In this scheme of operations, 
some isobutane is necessary to supple- 
ment the isobutane produced in cata- 
lytic cracking which supplies a quan- 
tity that is roughly sufficient to alkylate 
only the butylenes. Normal butane, 
which is generally available, is isomer- 
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Fig. 8. General view of three fluid 
catalyst cracking units 
(Unit at right is pioneer catalyst plant. Two units ot 


left, of new and simplified design, are now in 
operation) 


ized readily to isobutane in relatively 
simple and inexpensive equipment. 

The yield of aviation gasoline result- 
ing from the combination of processes 
discussed (Fig. 4) is quite high. For 
every 100 bbl. of heavy paraffinic gas 
oil charged to the fluid catalyst unit, 
it is possible to produce 66.3 bbl. of 
100-octane-number aviation fuel meet- 
ing present specifications. Of this quan- 
tity, 12.2 bbl. are virgin-naphtha frac- 
tions which can be carried in the blend. 
A substantially higher yield of aviation 
gasoline can be obtained by hydrogenat- 
ing, rather than acid-treating, the light 
catalytic naphtha. Production of spe- 
cification aviation fuel from such a 
scheme of operation is indicated to be 
78.4 bbl. per 100 bbl. of paraffinic vir- 
gin gas oil charged to cracking. 

With the completion of the present 
construction program, the fluid cat- 
alyst process will be the major cracking 
process for producing 100-octane avia- 
tion gasoline. On resumption of normal 
economic conditions after the war, the 
fluid process will provide a means of 
converting the heavier petroleum frac- 
tions with maximum efficiency and 
economy into premium motor fuels. 


Acknowledgment. The fluid cat- 
alyst process represents a contribution 
of the Standard Oil Development Com- 
pany to a cooperative study on catalytic 
refining participated in by the refining 
organizations of Standard Oil Company 
of New Jersey, and by Anglo-Iranian 
Oil Company, Ltd., M. W. Kellogg 
Company, Shell Oil Company, Inc. 
Standard Oil Company (Indiana) , The 
Texas Company, and Universal Oil 
Products Company. 
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Extraction of Aromatics From Hydrocarbon Mixtures’ 


HE demand for toluene increased 

from a prewar annual production 
of approximately 25,000,000 gal. to sev- 
eral hundred million gal. in 1942. More 
recently. the requirements for higher 
;romatics have increased as their par- 
ticular value in aviation fuel has be- 
come recognized. A large part of new 
production is being derived from petro- 
lum. This was a source of toluene as 
atly as 1880 in Russia. Borneo crudes 
containing 40 per cent aromatics sup- 
plied England with toluene in 1914. 
The first plant cracking operation pro- 
duced some toluene in the United States 
in 1917. Since that time progress made 
in the chemistry of petroleum and in 
knowledge of unit operations enabled 
the huge demands of 1940-43 to be met 
without delay. 

Petroleum as a source of aromatics 
presents two problems: First, produc- 
tion and, second, recovery. Progress in 
production has been greater than that 
in recovery because no great demand 
has previously arisen for pure compo- 
nents. The work sponsored by the 
American Petroleum Institute has dem- 
onstrated the complexity of petroleum 
and the difficulty of resolution of its 
components. 

The existence of azeotropes and the 
abnormally low relative volatility of 
aromatics in noOn-aromatic mixtures 
limits the effectiveness of fractional 
distillation in separating aromatics. The 
presence of azeotropic mixtures of hy- 
drocarbons has been difficult to estab- 
lish, Young*® reported an azeotrope of 
n-heptane and methylcyclohexene. This 
was refuted by Bromiley and Quiggle.? 
Bouzat and Schmitt’ and later Scatch- 
atd, Wood, and Mochel*® gave data on 
an azeotrope of benzene and cyclohex- 
ane. Mizuta™* reported azeotropes of 
benzene and toluene with gasoline frac- 


_—_— 


*American Institute of Chemical Engineers, Transac- 
tions, Vol. 40, No. 5. 


Fig. 1. Solubility diagrams at 77°F. 
System: methyl alcoho!l-ethylene 
glycol-hydrocarbons 
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tions. Tongberg and Johnston*® did not 
find an azeotrope of n-hexane and ben- 
zene although Griswold and Ludwig‘ 
believe that one exists. The latter au- 
thors also demonstrated the existence of 
a benzene azeotrope with methylcyclo- 
pentane. 

Since research and practice have dem- 
onstrated the difficulty of aromatic sep- 
aration by distillation, other methods 
have been used. Azeotropic distillation 
with a third type component,’ solvent 
extraction, extractive distillation* and 
combined azeotropic and extractive dis- 
tillation® have been applied. An extrac- 
tive distillation process was used in the 
first commercial unit to produce tol- 
uene from petroleum during the pres- 
ent war, and it is apparently widely 
used.?* These methods enable aromatics 
to be separated from other hyrocarbons 
by reason of the effect of structural dif- 
ferences. Such differences oppose separa- 
tion by distillation, and result in azeo- 
trope formation between hydrocarbons 
having nearly equal vapor pressures. 
The methods involving extraction are 
more generally useful than azeotropic 
distillation because they can be applied 
to aromatics in hydrocarbon mixtures 
of wide boiling range. 

Solvent extraction of complex mix- 
tures, such as hydrocarbon and vege- 
table oils, has been carried out commer- 
cially for many years. The object is to 
obtain a product which has properties 
more desirable for a particular applica- 
tion than those of the feed material. 
The results of extraction have been 
evaluated in terms of physical proper- 
ties. Consideration of the methods used 
and of the limited data indicate that 
relatively simple separations are made. 
Since little is known concerning the 
actual distribution of the components 
between the products of extraction or 
of their distribution coefficients, solu- 
bility and equilibrium data must be 
obtained for each feed material to 
evaluate the practicability of a solvent 
and the results for a given extraction 
procedure. 

The extraction of components in a 
pure state from a complex mixture re- 
quires a knowledge of the solubility 
and distribution characteristics of the 
component types making up the mix- 
ture. With sufficient data it should be 
possible to design ¢quipment to separate 
according to type in a manner analog- 
ous to separation by relative volatilities 
in distillation. This method of approach 
was used in the work to be described in 
determining the relative distribution of 
components, particularly aromatics, in 
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solvent extraction of hydrocarbon mix- 
tures. The complexity of such mixtures 
and difficulties in analysis limited the 
number of component types which were 
studied. 


Selection of solvent. Single sol- 
vents commonly used in lubricating oil 
extraction are unsuitable for the sep- 
aration of pure components. To accom- 
plish complete separation, at least 
theoretically, a solvent must be partially 
miscible with the component types to 
be separated at the operating tempera- 
ture. Miscibility cannot be too limited 
or solvent requirements become prohib- 
itive. Solvents partially miscible with 
aromatics as well as paraffins in the 
gasoline boiling range, and having other 
desirable characteristics of a practicable 
solvent are not common. For this rea- 
son mixed solvents have been used. A 
German patent® discloses the use of 
mixtures of ethylene, diethylene, or 
propylene glycols, which are relatively 
insoluble in all components, with sul- 
phur dioxide at minus 10° C. A Japa- 
nese patent’ claims the use of water 
with methanol or ethanol. Ethylene 
glycol has been used with acetone and 
methanol.’? Many other mixtures of 
solvents have been proposed. 


Ethylene glycol mixtures with meth- 
anol and with dipropylene glycol were 
used in the present work. Toluene was 
the first aromatic compound consid- 
ered. Solubility diagrams were obtained 
at 77° F. for ternary systems made up 
of the mixed solvents and toluene, of 
the mixed solvents with a commercial 
paraffinic naphtha and with mixtures of 
the naphtha and toluene. The solubility 
of the naphtha was determined to be 
less than that of toluene, and that of 
their mixtures intermediate between 


Fig. 2. Equilibrium diagram. System: 
toluene-Skellysolve B-70 methanol 
+ 30 glycol 
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the solubility of the two pure compo- 
nent types. Solubilities of other aro- 
matic compounds, cyclohexane, mixed 
octenes and methyl pentadiene in two 
solvent mixtures were ,also measured. 
Some of these data are shown in Fig. 1 
for the hydrocarbons, methyl alcohol 
and ethylene glycol. 

Fig. 1 indicates that solubility de- 
pends upon molecular weight as well as 
chemical type of the components. In 
the same boiling range non-aromatic 
compounds are less soluble than the cor- 
responding aromatic. If relative solubil- 
ity is a measure of the distribution co- 
efficients then it is possible to effect a 
separation of the components by sol- 
vent extraction from a close cut hydro- 
carbon mixture. However, in a wide 
cut, such as a gasoline, various types 
of components of different molecular 
weights might have overlapping solu- 
bilities. Separation would then be ex- 
pected to be impossible. 

It was thought expedient to investi- 
gate the continuous extraction of rela- 
tively simple mixtures to establish the 
utility of mixed solvents, and of whole 
gasolines to determine the importance 
of the molecular weight effect. This 
would eliminate the necessity for fun- 
damental work with a large series of 
compounds, most of which would not 
be readily obtainable. Solubility and 
equilibrium measurements, were, there- 
fore, made on mixtures of an aromatic 
and a naphtha with a binary solvent of 
constant composition to obtain data for 
approximate extraction calculations. 
The compositions used were methy] al- 
cohol and ethylene glycol in the ratios 
70/30 and 55/45, and dipropylene gly- 
col in the ratio 65/35 by weight. These 
ratios were chosen to give partial mis- 
cibility at 77° F. with benzene. 

Characteristics of the mixed sol- 
vents. An equilibrium diagram is 
shown in Fig. 2, and a solubility dia- 
gram in Fig. 3 for a solvent composed 
of 70 per cent methanol and 30 per 


Fig. 3. Solvent content of phases sep- 
arated at equilibrium. System: tolu- 
ene-Skellysolve B-70 methanol 
+ 30 glycol 
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TABLE | 
Extraction data for synthetic hydrocarbon 
mixtures 


Countercurrent extraction without reflux in 
12.5 ft. column 


System....... ; 1 2 
Temperature, °F .. .. ‘ 75 85-90 
Flow rates based on column area, 
Ib. per sq. ft. hr.: 
Solvent .... ’ 250 527 
Hydrocarbon... . 107 91 
Per cent aromatic in- 
as orn 95% 49.5 23.5 
Raffinate......... 05 8.2 
Extract....... .. 62.5 60.5 
Equilibrium with feed, calcu- 
| eee 62.5 58 
Solvent content, Ib. solvent per 
Ib. hydrocarbons: 
Of extract. . 2.15 16.7 
At equilibrium, calculated 2.3 12.5 











cent ethylene glycol. The diagrams were 
obtained by separating mixtures of sol- 
vent, toluene, and Skellysolve B at 
equilibrium, determining the solvent 
composition of each phase and the aro- 
matic content of the solvent-free 
phases. The curves are characteristic of 
systems in which the two components 
to be separated are both partly miscible 
with the solvent. The use of two co- 
ordinates to represent this system is not 
strictly correct since five components 
are present (Skellysolve B contains 
naphthenes as well as paraffins). There 
is a distribution of the solvents between 
the two phases as well as a distribution 
of the hydrocarbons. This is indicated 
by the fact that the solubility of a 
hydrocarbon mixture in the solvent is 
not the same as the solvent content of 
the extract phase separated at equilib- 
rium, which contains the same hydro- 
carbon mixtures. Fortunately, since the 
solvent content of the raffinate is small 
no large change in solvent composition 
can be possible. It was found that Skel- 
lysolve B did not change in composition 
in single equilibrium separations. There- 
fore, the assumption of a ternary mix- 
ture is justified as a first approximation, 
and the design calculations for counter- 
current extraction are simplified. 


These conclusions were confirmed by 
data obtained with the following sys- 
tems: toluene-Skellysolve B-methanol 
+ ethylene glycol in the ratio 55/45; 
toluene-Stoddard solvent-, and m- 
xylene-Stoddard solvent-methanol + 
ethylene glycol in the ratio 70/30; tol- 
uene-Skellysolve B-, and m-xylene-250- 
350° F. paraffinic cut-dipropylene gly- 
col + ethylene glycol in the ratio 
65/35. 

The applicability of the solvents was 
further checked by continuous counter- 
current extractions in a l-in. glass 
column packed with 12.5 ft. of 4%4-in. 
Berl saddles. Runs were made with (1) 
toluene-Skellysolve B-methanol + 
ethylene glycol in the ratio 70/30; and 
with (2) xylene-250-350° F. paraffinic 
cut-dipropylene glycol + ethylene gly- 
col in the ratio 65/35. Operating con- 
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ditions were estimated from the appro. 
priate equilibrium and solubility dy, 
by the method described by Randalj 
and Longtin.’* Results for two runs 
with solvent as the continuous phage 
are given in Table 1. 

The runs of Table I were made with 
a solvent to feed ratio only slightly 
greater than that calculated to be mini. 
mum. Therefore, the extract could 
closely approach equilibrium with the 
feed. Actual and estimated results agree 
well for system 1. In system 2 the aro. 
matic concentration and solvent cop. 
tent of the extract are greater than cor- 
responds to conditions at equilibrium 
with the feed. This effect can be due, 
in part, to a distribution of naphthenes 
as well as of aromatics between the 
phases in multiple contact extraction. 
The equilibrium diagram determined 
with the 250-350° F. paraffinic cut and 
xylene is correct only for the naph- 
thene/ paraffinic ratio in that cut. A 
new equilibrium diagram would be re- 
quired to correctly represent the system 
at the extract end of the column. The 
actual change in naphthene/paraffin 
ratio was from 1.2 in the feed to 3.5 
in the extract. 

Other runs made with reflux, and in 
a 6-ft. section of the column indicated 
that the stripping section of a column 
to separate aromatics from non-aromat- 
ics could be safely designed on the 
basis of the equilibrium and solubility 
data as obtained. The rectifying sec- 
tion, however, should be designed on 
the basis of data for the most soluble 
non-aromatic in order to separate non- 
aromatics from aromatics. 


In this preliminary work to demon- 
strate the utility of mixed solvents by 
extraction of simple hydrocarbon mix- 
tures, the selectivity of the solvent mix- 
tures for chemical type was verified. 
The importance of molecular weight 
was investigated by extraction of whole 


Fig. 4. Extraction of sample 1 with 70 
methanol + 30 glycol. Composition 
of feed and products 
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GAS ENGINES 


75 to 800 horsepower 


Ingersoll-Rand builds a complete line of modern 4-cycle, 
multi-cylinder gas engines, and centrifugal blowers and 
pumps for every refinery and pipe-line service. When 
buying complete I-R units, co-ordinated design...with 
the engine matched to the pump or blower... assures 
the user of successful operation and undivided respon- 
sibility. This kind of experience is particularly impor- 
tant when driving centrifugal high-speed machinery by 
internal-combustion engines. 


For driving compressors, XVG and KVG units com- 
bine the engine and compressor into a single, integral 
machine, This is the V-angle design originated in 1932, 
and known throughout the world for operating econ- 
omy, low maintenance, and reliability. 


When both power units and compressor units are 
used in the same plant, further economy in maintenance 
is obtained because the engine cylinders and most of 
the running-gear parts are interchangeable. 


Ingersoll-Rand 


11 BROADWAY, NEW YORK 4, N. Y. 
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gasolines in a 42-ft. column designed 
with consideration of the greater solu- 
bility of non-aromatics other than 
paraffins, but not with additional ex- 
perimental solubility or equilibrium 
data. 

Description of the extraction col- 
umn. Information derived from the 
preceding runs in the 12.5-ft. column 
was used for an approximate design of 
a column for extraction of gasoline. 

Reflux. Extract reflux is essential to 
obtain an extract product having an 
aromatic concentration greater than 
that in equilibrium with the feed. 
Raffinate reflux has no appreciable ef- 
fect on the stripping operation. 

Number of extraction stages re- 
quired. This will vary with the system, 
and with the aromatic concentration of 
the feed. Assuming a 20 per cent tol- 
uene feed, an 85 per cent extract and 
a 1 per cent raffinate, 14 stages are nec- 
essary at 2 times minimum reflux in the 
toluene-Skellysolve B-70 methanol + 
30 ethylene glycol system. Of these, 
7.5 units are below the feed and 6.5 
above the feed. A total of 8 units, 
equally divided, are needed under the 
same conditions if the solvent is 65 
dipropylene glycol + 35 ethylene gly- 
col. The graphical method of Randall 
and Longtin,™* as applied by Maloney 
and Schubert,’° was used in calculation. 

H.E.T.P. No runs were made spe- 
cifically to obtain this value. A maxi- 
mum H.E.T.P. of 2 ft., within the 
probable limits of 1% to 2 ft., and a 
maximum overall H.T.U. based on the 
solvent phase of 3 ft., within the limits 
2 to 3 ft., were computed for rectifica- 
tion in the xylene-mixed glycol system. 
These values are in the range reported 
by Ney and Lochte!? for 14-in. Berl 


saddles in a 21-mm. column using the 


Fig. 5. Extraction of sample 2 with 70 
methanol + 30 glycol. Composition 
of feed and products 





AROMATICS 


ener eced be 











w a 
e Ww a 
a ~ a r 
2 ce < +9 2 o 
re ra) 2 = <z re 5 @ 
uw uJ = a Qa a ve w 
<a vr) = “ w é <q Ww x 
x re < WwW Pad x u w 
a ec re Ww 
mt ae 
BENZENE OLUEN XYLENES 
SOF ‘eo Bh 


PERCENT 


THU fal nov 


NAPHTHENES) -—- 
——-—-——-+ 


75+— + be —————4 


il 


BOILING POINT °F 



































242 





TABLE 2 
Description of column feeds 
3 Spasibasnets 
| | 
| Added | per cent 
Sample ; Type | com- | boiling 
No. | ponent a 


Solvent: 70 per cent methanol+30 per cent ethylene 
glycol 








1 Vapor phase cracked gaso- 





| A eee None | 105-420 

2 |Cut from sample 1.......} Toluene} 160-275 
3 | Vapor phase cracked aro- 

| matic distillate........ None | 170-350 


Solvent: 65 per cent dipropylene glycol+35 per cent 














ethylene glycol 
= = ; — sailings 
4 |Cut from sample 1...... Xylene | 228-350 
5 |Blended cuts from para- | 
| ffinic naphthas....... | Xylene | 250-350 








system acetic acid-water-methyl iso- 
butyl ketone. Flow rates based on col- 
umn cross section were 756 and 82 lb. 
per (sq. ft.) (hr.) for the solvent and 
hydrocarbon phases respectively. The 
solvent phase was continuous. 


Flooding rates. Specific gravity dif- 
ferences vary with the systems. Differ- 
ences are in the range 0.166 to 0.278 
at the raffinate end of the column and 
0.024 to 0.159 at the extract end. In a 
column of uniform cross-section, con- 
ditions at the extract end will limit 
flow rates. Incipient flooding was ob- 
served in the mixed glycol system at 
flows of 945 and 182 lb. per (sq. ft.) 
(hr.) for the solvent phase of sp. gr. 
1.015 and raffinate phase of sp. gr. 
0.852, respectively. The raffinate phase 
was dispersed. 


Choice of dispersed phase. It is com- 
monly accepted that the phase of great- 
er volume, the solvent in this work, 
should be dispersed. The porcelain pack- 
ing is wet by the solvent phase, which 
does not break into discrete particles. A 
slight improvement in separation was 
noted when the hydrocarbon phase was 
continuous; it was more noticeable in 
rectification than in stripping. How- 
ever, irregularities in operation cause a 
greater lag in the attainment of a 
steady state when the hydrocarbon is 
continuous. For this reason, the hydro- 
carbon was usually dispersed. 


Column details. The column was 
constructed of 42 ft. of 1-in. pipe of 
which 38.5 ft. were packed with 4-in. 
Berl saddles; 18-in. settling sections 
were left at either end. Sight glasses 
were provided at top and bottom so 
that either the solvent or hydrocarbon 
phase could be made continuous. Since 
it had been observed that adequate 
stripping had been obtained in as little 
as 6 ft. of column, and rectification was 
of particular interest, only 4 of the 
column was intended for stripping. 
Sample points located at 244-ft. inter- 
vals were available as alternate feed 
inlets. 
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Feed, solvent, and reflux were intro. 
duced into the column by proportion. 
ing pumps from reservoirs placed op 
balances. The heavy phase was at firg 
taken from the column through a con. 
ventional type of inverted U-loop, 
Slight variations in the rate of dischar 
due to changes in interfacial level jp 
the column upset operation seriously, 
The loop was abandoned and a solenoid 
valve was used to control the rate of 
discharge of the heavy phase. The valve 
was operated by an electronic relay 
actuated by a contact made between 
two electrodes placed in the sight glass 
The relay operated only when the sol- 
vent phase shorted both electrodes. In- 
terfacial level was maintained within 
+ Y, in., and a steady state of extrac. 
tion was obtained. 


Solvent recovery. Since a solvent 
must be more polar than the hydrocar- 
bons, it is to be expected that hydrocar- 
bon-solvent azeotropes can exist and 
will influence the method of solvent re- 
covery. For that reason, solvents are 
commonly selected which are water- 
soluble or which differ widely in boiling 
point from the hydrocarbons to facili- 
tate the recovery of the solvent. Both 
the methanol and the glycols which 
were used in the present work form 
hydrocarbon azeotropes. To separate 
the solvents from the extract hydrocar- 
bons, in order to prepare reflux, two 
methods were used. 


The methanol-ethylene glycol sol- 
vent was separated by batch extraction 
of the extract with several volumes of 
water. About 5 per cent of the hydro- 
carbons present in the extract are lost 
by this method of separation. The di- 
propylene glycol-ethylene glycol solvent 
was removed by continuous vacuum 
distillation of the extract in a packed 
column. The column was designed 


Fig. 6. Extraction of sample 3 with 70 
methanol + 30 glycol. Composition 
of feed and products. 
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from equilibrium data obtained with the solvent mixture and 
xylene. _It was constructed of 35-mm. glass tubing with a 
30-in. section packed with '4-in. steel rings. The extract 
entered at a point 8 in. from the top of the column. Hydro- 
carbons were stripped from the solvent which was reboiled 
and collected in a receiver under vacuum. The overhead 
roduct was composed of approximately 15 per cent ethylene 
glycol and 85 per cent hydrocarbons. The condensed vapor 
separated into two phases on cooling. One was hydrocarbons 
containing about 0.01 per cent glycol. This was decanted 
and collected as product. The other phase contained glycol, 
any water present in the system and about 0.02 per cent 
hydrocarbons. Part of this layer was refluxed to the column 
and part was drawn off to eliminate water from the system. 
Distillation was carried out at 75 mm. absolute pressure. 
Quantitative recovery of extract hydrocarbons could be 
made by this method. The recovered solvent was free from 
hydrocarbons and was returned to the extraction column. 


Extraction of gasolines. Data on five samples extracted 
in the 42-ft, column are given in Table 2. 


Extraction runs were continuous for periods of 24 to 72 
hr. Operating conditions were set approximately by calcu- 
lation from the appropriate equilibrium and solubility curves. 
Solvent and reflux ratios were then varied to give the lowest 
solvent content of the extract consistent with a low gravity 
of raffinate. These latter conditions are given in Table 3. 





The products from samples 1-4 were fractionated. Blends | 
were made of aromatic cuts and analyzed for aromatic con- | 
tent by specific dispersion, for olefins by titration and for 
paraffins ++ saturated naphthenes by sulfonation of other 
components. The products from sample 5 were analyzed by | 
the refractive intercept method for paraffins, napthenes and | 
aromatics; the latter was checked by sulfonation. The results 
are presented in a semi-quantitative manner because the in- | 
dividual analyses are not of equal accuracy. The composition 
of each aromatic cut from the feed and products is plotted in 
Figs. 4 to 8 for the five samples. | 


Discussion of results. An increase in specific gravity of | 
the extract over that of the raffinate throughout the entire 
boiling range of the products was characteristic of all the 
samples. It is due in part to the greater aromatic content of 
the extract. Figs. 4 and 8 indicate essentially complete concen- 
tration of C, to C,, aromatics in the extract. C,, and C,, | 
aromatics have not been concentrated in the extract as com- 
pletely. This can be due to their lower solubility. The solubility 
of these compounds can be in the solubility range of the lower 
boiling non-aromatics. The plots for paraffins and naphthenes 
show that these compounds are more concentrated in the C, 
fractions of the extracts than in higher molecular weight cuts. 
Such overlapping of solubilities, inherent in a wide-boiling | 
cut, will limit the recovery of total aromatics and the purity 
of the extract. The plots for olefins show a small irregular dis- 
tribution between raffinate and extract, but a consistently 
greater distribution in the extracts of the high molecular 
weight cuts. It is concluded that the distribution of aromatics 
and non-aromatics in the range C, to C,, depends more on | 
structure than on molecular weight. 


Fig. 8 shows that there is a separation between naphthenes 
and paraffins, The naphthene/paraffin ratio is greater in the 
extract than in the feed. The degree of separation increases 
with the efficiency of extraction, as proved by other runs with 
the same sample. 


The percentage of non-aromatics originally present in the 
whole feed, or each cut, which is found in the extract is an 
inverse function of the aromatic content of the feed, or of 
each cut. This percentage increases in the order paraffins, sat- 
urated naphthenes, and olefins. This order of separation is also 
shown by the relative heights of the rectangles for the raffinates 





and extracts répresenting these components in the figures. 
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A large utility company is the owner of the 
plant here illustrated. Florite is the desic- 
cant, chosen for its long-term effectiveness 
and economy in operation. Hard, granular, 
stable, it selectively adsorbs water up to 
20% of its own weight, and is regener- 
ated by heating to 350°F. 


In the drying of propane, butane, gasoline, 
air, nitrogen, carbon dioxide, various re- 
frigerants, and other fluids, FLORITE is 
used to advantage. Made from bauxite by 
special processes of activation and me- 
chanical adaptation, it uses no highly crit- 
ical materials and is therefore fully avail- 
able for‘any user’s requirements. 


Write for data. 


*Trade Mark Registered. 


FLORIDIN COMPANY, 





ADSORBENTS 


Room 54, 220 Liberty Street 





Warren, Pa. 
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THESE QUALITY PRODUCTS 


contribute to more efficient 


REFINING © PIPE LINE © DRILLING * PRODUCING 


The companies listed at the right have 
made superior products for the great oil 
industry for years. It is our privilege 
to distribute these quality products to 
majors and independents in the greatest 
oil producing and refining area in the 
world—the Gulf Coast. 


THIS SERVICE MEETS THE 
DEMANDS OF OIL MEN 


Oil is a fast moving industry. Time is the 
essence. Realizing this, our supply house 
makes deliveries when promised and co- 
operates with our customers in emer- 
gencies—day or night. 
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The following are among the leading 
lines distributed by 


WALLACE-ROSE-HOSKINS 


YOUNGSTOWN SHEET & TUBE CO.—Pipe 

WM. POWELL CO.—Powell Valves 

TAYLOR FORGE & PIPE WORKS—F. S. Flanges—Seamless Weld- 
ing Fittings 

STEWART R. BROWNE CO.—Gaskets and Packing 


CLAYTON MARK & CO.—F. S. “Petro,” “Hydro,” “Mark,” 
“Handle-Bar’’ Unions 


JOHNS-MANVILLE CORP.—Packing 

NEW YORK RUBBER CORP.—Mechanical Rubber Goods 
NICHOLSON FILE CO.—Files 

PAGE BELTING CO.—tLeather Belts 

STOCKHAM PIPE FITTINGS CO.—C. |, and M. I, Fittings 
REPUBLIC STEEL CORP.—Bar Iron, Angles, Shapes, Bolts and Nuts 


HENRY G. THOMPSON & SONS CO.—Milford Hand, Power, Band 
Saw Blades 


GREENE, TWEED & CO.—Palmetto Packing 
J. H. WILLIAMS & CO.—Wrenches, Tongs, Pipe Vises 


MORSE TWIST DRILL & MACHINE CO.—Reamers, Drills, Taps, 
Cutters 


RIDGE TOOL CO.—Wrenches, Pipe Cutters, Vises 


CRESCENT TOOL CO.—Wrenches, Pliers, Screw Drivers, Punches, 
Chisels 


MID-WEST ABRASIVE CO.—AIl types of Abrasives 
CORTLAND GRINDING WHEEL CORP.—Grinding Wheels, Chucks 


TOLEDO PIPE THREADING MACHINE CO.—Pipe Dies and Thread- 
ing Machines 


THE DUFF-NORTON MFG. CO.—Jacks 

ERIE TOOL CO.—Wrenches, Vises, Pipe Cutters 
GATES RUBBER CO.—V-Belts, Rubber Goods 
CLOVER MFG. CO.—Abrasives 

BETHLEHEM STEEL CO.—Wire Rope, Sheets, Nails 
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Pour point Stability of Pour Depressant 
| Treated Oils Under Winter Storage 


Pour depressant treated motor oils under winter storage conditions sometimes 
become solid at temperatures higher than those indicated by their A.S.T.M. pour- 
| points. These solid temperatures are found to vary according to factors of tempera- 
ture cycling and oil composition, and 5°F. above the highest observed solid tempera- 
ture is considered the point of pour stability. 

Caleb E. Hodges, Paraflow laboratories, Standard Oil Company (New Jersey), 
| and A. Bruce Boehm, chemical products department, Stanco Distributors, Inc., pre- 
| sented a paper at the National Petroleum Association at Oil City and the Western 
| Petroleum Refiners Association at Tulsa, May, 1943, that reported on the pourpoint 
| gtability of such oils and on the laboratory test developed to predict this stability. 
| More specifically, the data given deal with lube oils blended with Paraflow, a syn- 




















It appears, therefore, that the sol- 
vents composed of methanol and ethy- 
lene glycol, and of dipropylene glycol 
and ethylene glycol are essentially selec- 
tive for hydrocarbon structure. Conse- 
quently, a hydrocarbon mixture con- 
taining C, to C;, components can be 
extracted with these solvents to sep- 
arate aromatics from paraffins, naph- 
thenes and, to some extent, from olefins. 
Lower or higher molecular weight com- 
ponents, if present, can smear the sep- 
eration in two ways: (1) The solubility 
of a C, non-aromatic can be similar to 
that of a Ci;, or higher, aromatic; or 
(2) the structure of higher aromatics 
can be so modified by substituents as 
to change the order of solubility char- 
acteristic of a homologous series of aro- 
matics. 

Kalichevsky* notes that the effect of 
molecular weight in lubricating oil ex- 
traction has been observed. He states 
that “solvents have also a certain selec- 
tive action towards the paraffinic type 
of hydrocarbons of lower molecular 
weights, which, in some instances, may 
be more soluble in the solvent than the 
aromatic compounds of higher molecu- 
lar weight.” 

Applications. While aromatic sep- 


Fig. 7. Extraction of sample 4 with 65 
dipropylene glycol + 35 ethylene gly- 
col. Composition of feed and products 
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TABLE 3 
Operating conditions 
Sample no....... ; 3 2 3 4 5 
Solvent ratio, lb. sol-| 
7.5 


vent, per ib. feed. | 2 8; 3.2) 3 7| ra 
Reflux ratio, Ib. re-| } 


flux, per lb. extract] 





product...... |} 5.4) 5.0) 3.8) 2.6) 3.5 
Yields— | | 
Extract...........| 30 | 51 | 69 | 42 | 30 
Raffinate........ | 70 | 49 | 31 | 58 | 70 
* Aromatic content of: | | 
eed, wt. per cent..| 17 | 25 | 56 | 29 | 24 
Extract...... .| 55 | 62 | 82 | 66 | 85 
Recovery of aroma-| | 
tics, per cent. |86-99| —* | —* \88-96 —®* 
| 











*99 per cent indicated from raffinate analysis. 





aration from light petroleum fractions 
has been of immediate importance, oth- 
er applications of the process can be 
anticipated. These include the treat- 
ment of paraffinic naphthas for indus- 
trial solvents, diesel fuels, and burning 
oils; and of cracked products for motor 
fuel. Additional fundamental data such 
as that used in aromatic separation, are 
required for evalution of some of the 
applications with respect to costs. 


Detailed plant designs have bee 
made for aromatic separation wi:ich 
show the process to be econcuically 
feasible. Operating cost decreases with 
the increase in feed concentration, as is 
to be expected. For this reason it is often 
desirable to extract fractions rather 
than a wide-boiling material. Low feed 
concentration also limits operation from 
a practical standpoint. For example, if 
the concentration of aromatics in the 
feed of the toluene-Skellysolve B sys- 
tem is 5 per cent, 98.7 per cent of the 
total extract hydrocarbons must be re- 
cycled to the column for minimum re- 
flux. Obviously, the split must be a 
practicable one, and precise control is 
necessary in any case. 


The mixture of glycols fulfills the 
requirements usually specified for a sol- 
vent. It is selective, readily available, 
cheap (as there need be no loss), stable 
and non-corrosive in the absence of 
oxygen, non-reactive with reactive hy- 
drocarbons and is easily recovered. In 
addition it is versatile: The ratio of the 
solvents in the mixture can be varied, 
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within limits, to suit a particular feed 
material or operating condition, A cur- 
rently desirable property is that lubri- 
cating oil extraction equipment using 
furfural can be converted to other ex- 
traction applications with the mixed 
glycols by the use of approximately 10 
per cent additional steel. 
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of T. B. Braun, Dean Hirshfield, A. M. 
Rohn, and J. C. St. Clair in the experi- 
mental work is acknowledged. J. C. St. 
Clair evaluated flooding rates and H.E. 
T.P. values. Doctor H. B. Coats, Doc- 
tor R. B. Werner and others of the en- 
gineering staff made the plant design, 
plant conversion, and cost studies. The 
work was under the general supervision 
of Doctor E. H. Leslie. 
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Fig. 8. Extraction of sample 5 with 65 
dipropylene glycol + 35 ethylene gly- 
col. Composition of feed and products 
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OUTSTANDING FEATURES 
Y of BEAIRD Flanged Fittings 


COMPLETE BACK-FACING: Eliminates com- 
mon make-up troubles. No need for varied 
length stud bolts. No deep spot facing, hard 
to get into with a wrench. 





HEAVIER WALLS: Added wall thickness 
keeps Beaird fittings in the line longer. Fewer 
replacements means lower cost, fewer shut- 
downs. 


UNIFORM FLANGE DIAMETER: Completely 
machined flange circumference means con- 
centricity of bores and maximum bearing sur- 
face on the gasket. Makes possible faster, 
smoother make-up—easier maintenance, im- 
proved appearance. 


BEAIRD Cast-steel Flanged Fittings offer 


SINCE 1918 aes 
a combination of advantages not found 





Bin the usual stock fittings. Made to S. O. D. 
specifications, embodying the finest in 


materials and workmanship and sub- 


SHREVEPORT 


iain ieidi ia lian ais deat ae, the BEAIRD name are outstanding for 
ence gained in more than a quarter-century of service to the ’ : 

oil industry. In the three Beaird plants, two of which are shown long, dependable, economical service. On 
below, are produced the fine line of Beaird fittings and flanges, 


pressure vessels, heat exchangers, derricks and other indus- your next order, specify BEAIRD fittings. 
trial equipment. 


jected to rigid inspection, fittings bearing 





‘ PLANT 1 
Steel forging, machining, fabrication, Ordnance production. Electric steel foundry. 


7 THE J.°B. BEAIRD COMPANY. 


6300 ST VINCENT AVENUE—SHREVEPORT. LOUISIANA 
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The Refining of Permian Basin High Sulphur Crudes* 


HE Petroleum Industry War 

Council’ has reached the conclu- 
sion that practically all the available 
capacity in District No. 2 must be util- 
ized to fulfill the long term program 
designed to produce the maximum 
quantity of vitally needed petroleum 
products. To accomplish this, the Coun- 
cil has indicated that runs of high sul- 
hur crude to District No. 2 refineries 
will rise to 159,000 bbl. per day in the 
third quarter of 1944 if the region is 
to keep its total throughput up to pro- 
ram levels. This additional quantity 
of high sulphur crude will come from 
the West Texas-New Mexico area. 


The introduction of high sulphur 
crudes to Mid-Continent refineries pre- 
sents a serious problem. Corrosion rates 
on carbon steel are extremely high when 
processing the high sulphur West Texas 
crudes, many of which contain large 
quantities of salt that must be removed 
before the crude oil can be satisfac- 
torily processed. The products from 
these crudes are high in sulphur content 
and require special treating methods. 
Two excellent presentations of the prob- 
lems of refining of West Texas crudes 
have been given recently, one by B. L. 
Scoggins” at the Western Petroleum 
Refiners Association meeting in Tulsa 
and the other by H. H. Wenzke® in the 
Oil & Gas Journal. Since these two pa- 
pers cover the general problem of proc- 
essing West Texas crudes, the present 
discussion is limited to the West Texas 
crude oil produced from the Permian 
Basin and more particularly from the 
Slaughter pool. These crude oils are of 
special interest at this time since it is 
from this area that most of the addi- 
tional production intended for District 
No: 2 will probably be obtained. Few 
refiners have processed Slaughter crude 
and only one refinery has operated on a 
charge consisting of 100 per cent 
Slaughter crude. 


Table I shows an analysis of Slaugh- 
ter crude oil and various fractions pro- 
duced therefrom. It will be noted that 
the straight run gasoline has a higher 
octane number than the usual Mid-Con- 
tinent product. A 21 per cent by vol- 
ume diesel oil fraction had a cetane 
number of 50.5. The sulphur content 
of the various fractions increases in in- 
verse ratio to the A.P.I. gravity. At 
Present, the salt content of the crude 
produced from this field averages from 
200-300 Ib. per 1000 bbl. In winter 
months this may increase to 400-500 
lb. per 1000 bbl., and it is quite possible 


“Presented before Western Petroleum Refiners As- 
Sociation, Wichita, Kansas, October 19, 1943. 


By F. C. MORIARTY 
Universal Oil Products Company 
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*asoume 50% Mercapten Sulfur Removal by Caustic Scrub>ing 


Fig. 1. Recommended treatment for 
blends of Slaughter straight run with 
gasolines having various mer- 
captan contents 


that when the production from this 
field is increased, the salt content from 
the crude will also increase. 

Crude blending. It would be desir- 
able in many respects if conditions per- 
mitted refiners to segregate Mid-Conti- 
nent and West Texas stocks. This 
would permit the manufacture of the 
most desirable products from each 
crude since each is superior to the other 
in certain respects. Unfortunately, the 
additional storage facilities and the ex- 
tensive changes in processing equip- 
ment to permit charging straight 
crudes such as Slaughter will make this 
an almost impossible consideration dur- 
ing the war period. With this in mind, 
much of the information in this paper 
has to do with blends of Slaughter and 
low sulphur crudes. 

Sulphur limitations. When high 
sulphur crudes must be utilized, the 
limitations governing total sulphur 
content present a definite handicap in 


economically processing these oils. The 
situation today is not nearly so re- 
stricted as it was a few years ago. The 
federal government specifications cov- 
ering total sulphur have recently been 
increased from 0.1 to 0.25 per cent. 
In recent years, the sulphur limit in 
most states has been raised to 0.25 per 
cent. It has been firmly established that 
sulphur contents of 0.25 per cent or 
higher in ordinary motor fuel are not 
injurious to motors. In fact, much gaso- 
line that contained 0.4 per cent total 
sulphur or higher has been marketed 
without difficulty. In spite of this, a 
few states still have a sulphur limit of 
0.1 per cent. These arbitrary specifica- 
tions present an unfair handicap to re- 
finers who process high sulphur crudes 
and every effort should be made to re- 
move these limitations. In some states, 
it may be necessary some day to pay a 
premium for gasolines that contain less 
than 0.1 per cent sulphur if this specifi- 
cation remains in force. To market gas- 
oline in these states when West Texas 
high sulphur crudes must be refined, it 
will be necessary, in most cases, to seg - 
regate high and low sulphur stocks; this 
will require additional storage facilities. 

If a large proportion of the gasoline 
produced from West Texas high sul- 
phur crudes must be marketed at the 
0.1 per cent specification, the refiner 
must resort to expensive methods of 
processing, such as severe treatment 
with sulphuric acid. 

Salt removal. When considering 
Slaughter crude oil as charging stock 
for a refinery, the first major problem 


_ will be that of reducing the salt con- 


tent to a reasonable level. Since large 
quantities of salt will increase corrosion 
rates within the refinery and deposit in 
heater tubes, it is necessary to reduce 


Fig. 2. Slaughter straight run gasoline blended with gasoline *'X."' 
No sulphur reduction 
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the salt content to a low value. Reduc- 
tion to less than 25 lb. per 1000 bbl. 
is generally recommended. 


It has been estimated that approxi- 
mately 50 per cent of the salt present 
in Slaughter crude is in crystalline 
form. In view of this, it is difficult to 
reduce the total salt content to a satis- 
factory level by conventional methods 
of desalting. If electrical methods are 
employed, satisfactory results probably 
will be obtained if the salt content of 
the crude is below 200 Ib. per 1000 bbl.; 
above this figure, two-stage electrical 
desalting may be necessary. One refiner 
is now reducing the salt content of this 
crude from 200-400 lb. of salt per 
1000 bbl. to 15-20 Ib. by a two-stage 
non-electrical process. The second stage 
of this process is a typical salt settler 
operating at 325 °F. The details of the 
first stage of this process cannot be dis- 
closed at this time but it is hoped that 
permission to do so will be granted in 
the near future. 

To illustrate the difficulty of remov- 
ing salt from this crude, a typical single 
stage salt settler operating at 350° F. 
was only about 50 per cent efficient. 
The most practical method of handling 
the salt concentration of this crude 
may be to charge only blends of Mid- 
Continent and Slaughter crude in which 
the percentage of Slaughter is sufficient- 
ly low so that a high salt content is not 
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Fig. 5. Slaughter straight run blends, desulphurization treatment. Temperature, 
700°F.; pressure, 20 Ib. per sq. in.; space velocity, 1.0 


obtained. If blends are used, the con- 
ventional salt settling equipment may 
prove satisfactory. 

Those refineries producing asphalt 
may find this a convenient method of 
avoiding the salt problem. Slaughter 
crude contains 20-25 per cent of 100- 
penetration asphalt of high quality. Re- 
duction of the crude to asphalt pro- 
duces a salt-free gas oil that can be 
used as charging stock to cracking. 

Crude distillation. From an oper- 
ating standpoint the processing of this 
crude in a topping unit will be much 
the same as when charging Mid-Conti- 
nent crude oils. The corrosion rates 
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Fig. 4. Slaughter straight run gasoline blended with gasoline ‘‘X."’ 
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and maintenance will be somewhat 
higher than when processing Mid- 
Continent oils but, in general, carbon 
steel equipment can be used unless tem- 
peratures in excess of 600 to 650° F. 
are encountered. Ammonia should be 
introduced into the overhead stream 
from the crude column to prevent 
hydrochloric acid corrosion in the over- 
head condensing system. It is recom- 
mended that ammonia be added either 
to the top tray or directly into the 
vapor line. If ammonia is added low in 
the column, deposits will be formed on 


the bubble trays. 


The treatment of the straight run 
products from Slaughter crude oils re- 
quires special consideration. 


Considerable hydrogen sulphide is 
evolved in crude distillation, and the 
straight run gasoline should be caustic 
washed immediately to remove all traces 
of hydrogen sulphide before going to 
rundown storage. If gasoline contain- 
ing hydrogen sulphide reaches the run- 
down tanks, some oxidation may occur, 
causing the formation of free sulphur 
that may make the final product cor- 
rosive. The presence of hydrogen sul- 
phide in gasoline storage will also in- 
crease corrosion of storage equipment 
and, since it is extremely poisonous, pre- 
sents a potential hazard. 

Gas masks should be worn at all 
times when gauging tanks where there 
is a possibility of the presence of hydro- 
gen sulphide. 

If the percentage of Slaughter crude 
oil is high in the charge, a large amount 
of caustic soda will be consumed in re- 
moving the hydrogen sulphide. For this 
reason, it may be profitable to install a 
stabilizer on the straight run gasoline 
stream for the purpose of removing 
hy drogen sulphide along with propane 
and lighter fractions. 

The straight run gasoline prepared 
from Slaughter crude averages from 
0.15-0.175 wt. per cent mercaptan sul- 
phur at 400 °F. endpoint. The mercap- 
tans present in this gasoline are pre- 
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CC. Tetraethyl lead per Galion 
Fig. 6. Effect of Unisol treating on lead susceptibility of Slaughter 400°F. 
endpoint straight run gasoline 


dominantly high boiling and somewhat 
dificult to remove by the usual regen- 
erative type caustic scrubbing unit. 
With a typical caustic scrubbing unit 
such as that now operated by many 
Mid-Continent refiners, not more than 
50 per cent mercaptan removal can be 
expected. Since it will be almost impos- 
sible to charge straight Slaughter crude 
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CC. Tetpaethyl Lead Per Gallon 
Fig. 7. Effect of desulphurization on 
lead susceptibility of Slaughter 400°F. 
endpoint straight run gasoline. Desul- 
phurization conditions: 700°F., 20 Ib., 
1.0 liquid hourly space velocity, over 
Silvertown clay. Sulphur reduced to 
0.06 per cent 


Fig. 8. Recommended treatment for 
blends of Slaughter cracked gasoline 
with gasolines having various 
mercaptan contents 
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oil to a typical Mid-Continent refinery, 
Fig. 1 has been prepared for the purpose 
of studying the effect of various per- 
centages of gasoline produced from 
crude Slaughter blended with others of 
lower sulphur content. To use this 
figure, choose the line running diago- 
nally from 0.155 per cent mercaptan 
sulphur, which corresponds to 100 per 
cent Slaughter straight run at 400 °F. 
endpoint, to a point on the zero per cent 
Slaughter straight run line which repre- 
sents the mercaptan content of the 
present straight run gasoline. Using 
this line as a base, the per cent of mer- 
captan sulphur that will be produced 
from any blend of other gasoline and 
Slaughter can be directly determined 


and used as an index for the blending 
of crudes. The horizontal dotted lines 
on the chart represent marginal limits 
of various treating processes. These lim- 
its should be used with some caution 
since equipment design factors may af- 
fect these limitations. In many cases the 
various processes mentioned can be op- 
erated at higher mercaptan levels than 
indicated, but, in general, at higher 
levels can be expected to present operat- 
ing problems and require special con- 
trols, 


It will be noted that, even though 
caustic scrubbing is assumed to remove 
only 50 per cent of the mercaptan sul- 
phur, this greatly increases the operat- 
ing limits of doctor sweetening or cop- 
per sweetening units. For example, as- 
sume that a Mid-Continent straight run 
gasoline containing 0.025 per cent mer- 
captan sulphur is blended with Slaugh- 
ter straight run. Without caustic scrub- 
bing, copper sweetening is not recom- 
mended if the percentage of Slaughter 
straight run in the blend exceeds 19 
per cent. If the Slaughter straight run 
is first caustic scrubbed to remove 50 
per cent of the mercaptan sulphur pres- 
ent, 57 per cent of Slaughter straight 
run can be used in the blend. This in- 
dicates that many refiners in this area 
can utilize present treating equipment 
if a caustic scrubbing unit is added and 
a reasonable percentage of Slaughter 
used. 

For concentrations of mercaptan 
above 0.25 per cent, only catalytic de- 
sulphurization or mercaptan extraction 





























_TABLE | . 
| “Topped crude after | 
375 °F. | Dr. swt. a ae 
Fraction Crude | endpoint | 375 °F. Gasoil | 375°F. | | Dist. 
oil gasoline | endpoint endpoint | Gasoil | Loss 
gasoline gasoline 
Yield vol. per cent of crude oil...| 100.00 31.7 21.7 68.1 | 47.0 0.2 
Analyses of fractions: | 
 agpaeggh at at 60 °F...... 31.6 56.6 56.5 36.1 | 22.2 | 16.8 
TS!  p Serr 0.8676 0.7523 0.7527 0.8443) 0.9206 0.9541) 
ah dd per cent........ 2.02 0.28 1.23 | 2.75 3.25 | 
Mercaptan sulphur, per cent.. 0.117* | 
R.V.P., lb. oe in eek on ean 6.2 5.2 | 
Octane SS ree | 56.5 55.0 
Octane No., M.M.-+1cc. TEL. 61.0 
Octane No., M.M.+3cc. TEL. 68.5 | 
Cold test, °F............0s00. —5 below 0 50 | 65 
BSeW. Me REPS y 0.2 | | 0.2 0.3 | 
Viscosities: 
| Kinematic at 100 °F., Cs. . 5.52 | 2.42 | 39.68 409.3 
Kinematic at 210 °F., Cs. . | 6.10 | 20.95 | 
Univ. at 100 °F., Sec 4.0 | 34.2 184 1890 
Univ. at 210 oF. ae | 45.8 101.5 
Aniline No., °F | 139.6 | 
Aniline No., °C.. 59.8 
Ge iiasnatcevescnens 50.5 | | 
asf at Cigiiation: 
a cdinn beeen deesene 134 107 115 404 | 425 | 619 | 
5 per AF bases OTT 189 150 153 422 458 637 
SP iccctckncnsexie 226 166 173 431 481 653 | 
OS arr 190 196 446 527 671 
PP pn actventcsseces 371 207 214 460 584 698 
40 per cent.........0...00. 480 225 230 473 | 639 =| «713 
DN 00 cncseccseeees 570 243 247 485 680 | 729 
Serer re 647 262 264 500 691 | 738 } 
ere 282 283 515 703 749 
ere 716 305 303 534 713 758 
OO er 750 332 333 720 
ic snes pnekis sen 754 374 376 619 7 760+ 
Per cent over............+. 96.0 98.5 98.5 0 93.0+ | 92.0 
Per cent bottoms........... 1.0 1.0 1.0 | 
Per cent loss....... er 0.5 0.5 
Per cent coke by weight... .. 3.8 5.9 | 7.8 
Per cent over at 400 °F..... 32.5 
Per cent over at 572 °F..... 50.2 93.0 28.5+ 
*Lower than average; apparently some oxidation had taken place during shipment of sample. 
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processes should be used. Since these 
processes reduce total sulphur content 
and increase octane number they will 
compare favorably with sweetening 
processes at much lower levels of mer- 
captan content. In most cases, these 
processes can be expected to pay their 
way even if the mercaptan content is 
in a low range. 

Fig: 2 shows the effect of blends of 
Slaughter straight run gasoline upon 
the total sulphur content of various 
gasoline blends. It can readily be seen 
from this chart that since the total sul- 
phur content of Slaughter straight run 
gasoline is approximately 0.32 per cent, 
a reasonable percentage of low sul- 
phur gasoline must be blended with 
it in order to meet the federal limita- 
tion of 0.25 per cent on total sulphur 
content. Very little Slaughter can be 
used if it is necessary to meet the 0.10 
per cent limitation of several states. 

If caustic scrubbing is used, the total 
sulphur content is reduced to 0.240 per 
cent, which is slightly below the federal 
limitation. This is shown graphically 
by Fig. 3. 

Fig. 4 shows the effect of removing 
all of the mercaptan sulphur from 
Slaughter straight run gasoline. 

Fig. 5 shows the effect of catalytic 
desulphurization with Silvertown clay 
at 700 °F. 20 Ib. per sq. in. and space 
velocity 1.0 upon the total sulphur con- 
tent. It will be noted from this chart 
that catalytic desulphurization will 
produce an extremely low total sulphur 
content gasoline from Slaughter 
straight run which easily meets the 0.10 
per cent limitation. Since the cracked 
gasoline produced from Slaughter crude 
oil is extremely high in total sulphur 
content, it may be desirable to desul- 
phurize catalytically the straight run 
gasoline in order to blend the desul- 
phurized product with the higher sul- 
phur content cracked gasoline in order 
to meet the federal limitation of 0.25 
per cent. 

Fig. 6 shows the effect of Unisol 


Fig. 9. Slaughter cracked gasoline blended with gasoline 
*X."" No sulphur reduction 





C. H. Herr, Pennsylvania State College. 


reported by this project since its inception 
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Synthesis and Properties of Hydrocarbons of High Molecular Weight | 


The work during the last year of American Petroleum Institute Research Proj- 
ect 42 at The Pennsylvania State College on the synthesis and properties of hydro- 
carbons of high molecular weight is summarized in a paper by R. W. Schiessler, 
Pennsylvania State College, D. G. Clarke, Rohm and Haas Company, C. S. Rowland, 
Interchemical Corporation, W. S. Sloatman, American Cyanamid Corporation, and 


Twenty-four new hydrocarbons ranging in molecular weight from 326 to 479 
were prepared, making a total of 66 pure hydrocarbons of high molecular weight 


determined for each of the hydrocarbons are as follows: 
1. Kinematic viscosity at 32, 68, 100, 140, and 210° F.; Saybolt Universal 
viscosity calculated for 100 and 210° F. 
Kinematic viscosity index by the Dean and Davis method. 
Density at 32, 68, 100, 140, and 210° F.; gravity in deg. A.P.I. calculated. 


Boiling point at 0.50 mm. and 1.00 mm. from vapor-pressure curve over 


ime 
a 
4+. Melting point from the melting curve. 
5. 
the range 0.50 mm. to 10.0 mm. pressure. 
6. Heat of vaporization, calculated 


7. Aniline point, reported in deg. C and deg. F. 

8. Refractive index at 20, 30, and 40° C. 

9. Specific and molecular refraction, calculated for 26° Cc. 
Molecular volume, calculated at 20° C. 

These data have been employed in checking the work of Kurtz and Lipkin on 
molecular volume, the method of calculating refractive index of Lipkin and Martin, * 
and the correlation of refractive-index change and density change of Ward and 
Kurtz. In addition, the methods of predicting percentage naphthenic rings in oils 
of Davis and McAllister, of Waterman, and of Lipkin and Kurtz have been applied 
to the pure hydrocarbons and thus evaluated. 

The paper was presented before the division of refining at the annual meeting of 
the American Petroleum Institute in Chicago, Illinois, November 10, 1943. 


——— 


in July, 1940. The physical properties 


for the range 0.50 mm. to 13.0 mm. 








treating on the tetraethy] lead suscepti- 
bility of Slaughter straight run gasoline. 

Fig. 7 shows the effect of catalytic 
desulphurization on the tetraethyl lead 
susceptibility of Slaughter straight run. 

With reference to Figs. 6 and 7, it 
should be pointed out that, in many 
cases, the usual sweetening processes 
decrease the octane number of the gaso- 
line. Identical samples were not used 
to obtain the data from which Figs. 6 
and 7 were prepared. Although both 
these samples were 400 °F. endpoint 
Slaughter straight run, the untreated 
clear octane numbers were not the same. 
This was attributed to a difference in 
the boiling range of the light fractions. 

The kerosine produced from Slaugh- 
ter crude oil is high in aromatic and 
total sulphur content. Lamp quality 
kerosine cannot be produced from this 





crude oil unless unusually severe treat- 
ing methods are employed. Kerosine 
suitable for stove oil can be produced 
from Slaughter crude by acid treat- 
ment or high temperature desulphuri- 
zation. 

Although high in total sulphur con- 
tent, satisfactory burner distillates can 
be produced from this crude. It may be 
desirable to market a maximum quan- 
tity of this material as burner distillate 
and by so doing conserve the quantity 
of low sulphur oils available as charg- 
ing stock to the cracking units. 

Cracking. From the standpoint of 
processing there are no particular op- 
erating problems involved in cracking 
Slaughter crude oil. Corrosion rates, 
however, are extremely high and exten- 
sive use of corrosion resistant alloys is 
required to prevent rapid depreciation 


Fig. 10. Slaughter cracked gasoline blended with gasoline 
‘*X."' Mercaptan content of Slaughter gasoline reduced 70 


per cent by caustic scrubbing 
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CATALYST MANUFACTURING PLANT 








These units for the production of synthetic 
Toluene, the basic ingredient of TNT, were 
designed and built by Fluor under license 
from Shell Oil Co., Inc. This plant which 
produces enough nitration grade, high pur- 
ity Toluene to fill 700 “block-busters” every 
day was completed and in operation less than 
one year after Pearl Harbor. 


Whether it be the “ordinary” refinery or 
chemical plant... ora highly specialized unit 
... Fluor has the organization for processing, 
engineering and construction . .. complete 
from plan to plant. Whatever the job... you 
can be sure with Fluor! 


FRACTIONATING AND 
DISTILLATION COLUMNS 


ENGINEERS - MANUFACTURERS - CONSTRUCTORS 


PROCESS PLANTS AND EQUIPMENT FOR THE OIL, GAS AND ALLIED INDUSTRIES 
THE FLUOR CORPORATION, LTD., 2500 SouTH ATLANTIC BLVD., Los ANGELES 22 * New York, Pittsburgh, Kansas City, Houston 
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of equipment. The addition of lime is 
an effective method of reducing cor- 
rosion rates in cracking equipment. The 
amount of lime that can be added is 
usually dictated by the BS&W content 
of the fuel oil. The usual quantity of 
lime that is added to a topped crude oil 
of this sort is approximately '/2 lb. per 
bbl. It is recommended that cracking 
unit heater tubes and headers be con- 
structed of 8 per cent chrome steel.* 
Alloy linings are required in the larger 
vessels and 11-13 chrome steel is pre- 
ferred for this service. Gannister lin- 
ings can be used in some of the larger 
vessels but these linings have a much 
shorter life. In all cases where tempera- 
tures between 650 to 850° F. are en- 
countered, high corrosion rates can be 
expected unless special alloys or linings 
are used. 

The cracked residuum will be high in 
sulphur content but otherwise entirely 
suitable as a heavy fuel oil. 


The cracked gasoline should be im- 
mediately stabilized to remove hydro- 
gen sulphide. If the cracked gases are 
charged to codimer units. these are 
usually equipped with a depropanizer 
that will remove hydrogen sulphide 
along with propane and lighter frac- 
tions. The butane-butylene charge to 
the codimer unit will contain a consid- 
erable amount of light mercaptans and 
it may be necessary to remove these by 
caustic scrubbing. 

If the light cracked gases are charged 
to a polymerization unit for the purpose 
of producing polymer for motor gaso- 
line, a depropanizer can not be used for 
the purpose of hydrogen sulphide re- 
moval without also removing propy- 
lene, which will materially reduce the 
amount of polymer produced. In this 
case it is recommended that one of the 
regenerative type hydrogen sulphide re- 
moval processes such as the tripotas- 
sium phosphate process of the Shell Oil 
Company or the Girbotol process of the 
Girdler Corporation be used. 


3 . 
*Wenzke’ mentions that 4-6 per cent chrome 
gave reasonable service in one instance. 
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Fig. 13. Slaughter cracked Unisol treated gasoline blended with 
desulphurized straight run 


The cracked gasoline is extremely 
high in mercaptan content. A commer- 
cial unit now operating on 100 per cent 
Slaughter crude oil produces a cracked 
gasoline containing 0.30 per cent mer- 
captan sulphur. As an example of how 
difficult this might be in a process in a 
typical refinery operating a doctor 
sweetening unit, assuming 1000 bbl. 
per day was charged to the doctor 
sweetening unit, it would be necessary 
to regenerate 2750 Ib. of litharge per 
day. This would require enormous doc- 
tor regeneration facilities to say noth- 
ing of the problem of adequately mix- 
ing doctor solution and gasoline or re- 
covering the lead sulphide. Figs. 8, 9, 10, 
11, and 12, were prepared to show the 
effects of various percentages of Slaugh- 
ter cracked gasoline blended with gaso- 
line of a lower sulphur content. The 
charts are similar to those previously 
mentioned for straight run gasoline 
and need no further explanation. 


Catalytic desulphurization such as 
represented by the Phillips bauxite 
process or the Gray high temperature 
clay treating process is not generally 
recommended for cracked gasoline 
which is to be sold as ordinary motor 
fuel. First, catalyst life is very short in 
this service; and, second, the distribu- 
tion of the sulphur compounds present 
is not favorable to this method of proc- 


Fig. 11. Slaughter cracked gasoline blended with gasoline 
‘*X."' Slaughter gasoline Unisol treated with 100 per cent 


mercaptan sulphur removal 


% Sulfur 
Blend 


20 = =—30 50 





essing. Cracked gasolines predominate 
in mercaptans and ring sulphur com- 
pounds. Catalytic desulphurization has 
little, if any, effect upon the ring sul- 
phur compound: and although this 
method of desulpi-urization will remove 
the mercaptans, these can be extracted 
from the gasoline by less costly proc- 
esses. 


If the straight run from Slaughter 
crude oil is catalytically desulphurized 
and the cracked gasoline is Unisol treat- 
ed to remove all the mercaptans pres- 
ent, the two products can be blended 
as produced from the crude oil and a 
final blend obtained that contains less 
than the 0.25 per cent federal limita- 
tion on total sulphur. This is shown in 
Fig. 13. These methods of processing 
make it possible at a reasonable cost to 
meet this limitation without resorting 
to expensive and wasteful acid treat- 
ing. The saving in tetraethy] lead that 
results from the use of these two proc- 
esses ordinarily will be sufficient to per- 
mit the rapid retirement of the initial 
installation cost of the equipment. 
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Fig. 12. Effect of Unisol treating on lead susceptibility of 


Slaughter 400°F. endpoint cracked gasoline 
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The Development of the Hydrogen Fluoride Alkylation Proc 


By C. G. GERHOLD, J. O. IVERSON, H. J. NEBECK, and R. J. NEWMAN 


NTRODUCTION. The hydrogen 
fluoride alkylation process is now 
playing an important role in the pro- 
gram to secure the maximum produc- 
tion of aviation gasoline for the fighting 
forces. The development of this process 
involving the first large-scale utiliza- 
tion of HF asa catalyst presented many 
new problems of interest to the chem- 
ical engineering profession. The pur- 
pose of this paper is to present the story 
of the commercial development of the 
process, and to describe the problems 
involved and their solutions. 

Brief history of the process. The 
parafin alkylation reaction, which is 
the interaction of isoparaffin and olefin 
hydrocarbons to produce highly branch- 
ed paraffinic motor fuels, was discov- 
ered by V. N. Ipatieff and Herman 
Pines more than a decade ago at the 
Research and Development Laboratories 
of Universal Oil Products Company. 

Since the time of this fundamental 
discovery, extensive laboratory and 
pilot-plant experimentation has been 
carried on to study the reaction with 
several catalysts.):** Investigations by 
Carl B. Linn and A. V. Grosse indicated 
that concentrated HF was an excellent 
catalyst for alkylating isobutane with 
propylene, butylene, or amylenes. The 
olefins were completely converted in 
the presence of an excess of isoparafhin 
to give a saturated product with excel- 
lent anti-knock properties boiling al- 
most entirely in the aviation gasoline 
range. 

Although the catalytic properties of 
HF were attractive, the commercial- 
ization of the process was delayed, large- 
ly because of the nature of HF and the 
lack of experience in handling it in the 
manner and quantities required for hy- 
drocarbon processing. When it became 
apparent that the facilities for the pro- 
duction of aviation gasoline would have 
to be expanded to supply the war needs, 
the development of the HF process was 
rapidly accelerated. Pilot plant tests for 
the investigation of charging stocks, 
operating conditions, and materials of 
construction, and process and mechan- 
ical designs of commercial plants, that 
normally would have required years, 
were forced through in a matter of 
months. 

Two major advantages of HF alky- 
lation over the older sulphuric acid 
process result from the higher process 
temperature that can be used and the 
greater ease of catalyst regeneration. 
The higher temperature permits use of 


*Presented before American Institute of Chemical 


Engineers, Pittsburgh, Pennsylvania, November 15, 1943. 
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Universal Oil Products Company 


cooling water to remove the heat of 
reaction and thus eliminates critical re- 
frigerating equipment. Catalyst regen- 
eration is included as a feature of the 
process in its commercial application. 
The problem of spent catalyst disposal 
is serious in many refineries using sul- 
phuric acid alkylation. Catalyst con- 
sumption is so low that the raw ma- 
terial and plant requirements for cat- 
alyst manufacture are considerably 
smaller than those for a sulphuric acid 
alkylation unit on the basis of equal 
alkylate production. 


Properties of hydrogen fluoride. 
Many chemical engineers remember hy- 
drofluoric acid as an extremely corro- 
sive material kept in a wax bottle in a 
school storeroom and used for class- 
room demonstrations of glass etching; 
and they were probably warned of the 
dangerous nature of the material. For- 
tunately the concentrated hydrogen 
fluoride used in the alkylation process 
is not corrosive to steel. It is extremely 
corrosive to the skin but prompt and 
proper treatment stops the action im- 
mediately and prevents painful destruc- 
tion of tissue. 

Anhydrous hydrogen fluoride boils at 
67.8° F. and has a specific gravity of 
1.00 at 32° F. and a viscosity approxi- 
mately equal to that of water. It is 
slightly soluble in paraffin hydrocarbon 
and is miscible with water. HF is a pow- 
erful dehydrating agent, which cannot 
be dried by ordinary chemical means. 
It forms a maximum boiling solution 
with water that contains approximate- 
ly 37 per cent HF. The catalytic and 
physical properties of HF have been de- 
scribed in a recent article.* 

Hydrogen fluoride is prepared by 
treating fluorspar with concentrated 


; 


sulphuric acid insteel equipment at temp 
peratures ranging from 300° to 400°R, 
The equipment of the manufactugj 
plant is made of steel. Solutions contaiq. 
ing not more than 40 per cent wate 
are shipped in steel containers or tank 
cars. The available supplies of HF be. 
fore the war were not sufficient to meg 
the requirements of this process, and jt 
was necessary to expand existing many. 
facturing facilities. 


Hazards in handling HF. Hydro. 
gen fluoride must be regarded as a po 
tentially hazardous material, but years 
of experience in the manufacture of 
HF in large quantities without a dis. 
proportionate share of accidents ap 
proof that the material can be handled 
safely. Many devices were developed 
and incorporated into the design for 
protecting the operating personnel. Ac- 
cidents, however, may occur in any 
plant in spite of the most rigid safety 
regulations and the best of safety de- 
vices. In view of this fact an exhaustive 
study was made of the methods of han- 
dling HF and the treatment of HF 


burns. 


Concentrated HF has a triple action 
on contact with the skin in that it has 
a dehydrating effect, it acts as a strong 
acid, and it catalyzes the destruction 
of tissue causing deep, slow-healing 
burns. First-aid and medical treatment 
of burns in general are directed toward 
removal and neutralization of the acid 
and precipitation of the fluorine as an 
insoluble salt. In the past anhydrous 
HF was not used in large quantities and 
HF burns were uncommon; moreover, 
some of the methods for treating an 
ordinary burn were entirely unsuitable 
for HF injuries. Therefore, the latest 
medical informatiotn on the treatment 
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For illustrations, dimensions and descriptions of 
the Edward line of cast and forged steel valves 
write for a free copy of the new Edward BETTER 
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of HF burns was supplied by U.O.P. in 
the form of a book by A. J. Carlson® to 
the doctors in the vicinity of the plants. 

Process flow of hydrogen fluoride 
alkylation. The flow of a typical HF 
alkylation unit is shown in Fig. 1. 
Charging stock to the plant passes 
through charge pretreaters which re- 
move organic impurities and water that 
would otherwise contaminate the prod- 
ucts or catalyst. After pretreatment the 
charge is combined with recycle iso- 
butane and fed to the reaction system. 
The reaction is carried out in contactors 
equipped with efficient mixing devices, 
which maintain intimate contact be- 
tween the hydrocarbon and catalyst 
phases and with cooling coils which re- 
move the heat of reaction. The effluent 
from the contactors passes to a settler in 
which separation of the catalyst from 
hydrocarbon is made, the catalyst being 
returned to the reaction vessel and the 
hydrocarbon being fed to the fractiona- 
tion system. 

The hydrocarbon stream leaving the 
settler contains a small amount of dis- 
solved hydrogen fluoride and some or- 
ganic fluorides. The first fractionation 
column strips the hydrogen fluoride 
from the hydrocarbons, and the HF is 
returned to the reaction zone. 

The bottoms from the stripper are 
fed to a treating section, in which flu- 











orides are broken down and the liber- 
ated HF removed. The effluent from this 
treater is fed to a deisobutanizer, in 
which the isobutane is separated from 
the other hydrocarbons. This separa- 
tion is necessary because a satisfactory 





alkylation operation requires high igg. 
butane concentration in the contactor, 
This high concentration is obtained by 
recycling isobutane. 

Bottoms from the deisobutanizer are 
charged to a debutanizer, where normal 
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butane is removed as overhead. The 
aviation alkylate is distilled from the 
debutanized total alkylate in the final 
fractionation step. 

Some propane is always present in the 
charge to an alkylation plant, and it 
must be removed from the system. In 
the caseof alkylation operations in which 
the amount of propane is small, it is 
removed by depropanizing a portion of 
the recycle isobutane as shown in the 
flow diagram. When propane constitutes 
a substantial portion of the feed, depro- 
panizing and HF stripping of the re- 
actor effluent are carried out in a de- 
propanizer and stripper of modified de- 
sign. 

Units for alkylating with amylenes 
have, in addition to the equipment 
shown, two fractionation columns for 
the recovery of high octane number 
isopentane and the elimination of low 
octane number normal pentane. 

As a result of side reactions, hydro- 
carbons of high molecular weight and 
low hydrogen content accumulate in 
the catalyst phase. In order that the ac- 
tivity may be kept at the desired level, 
these hydrocarbons are removed in a 
regenerating distillation step, in which 
the tars are taken out as bottoms and 
purified HF is removed as overhead. 
Accumulation of water in the catalyst 
phase is prevented by a second regenera- 
tion step, in which a part of the over- 
head from the first step is redistilled 
to remove water in the form of a con- 
stant-boiling mixture containing about 
37 per cent HF. Regenerated catalyst 
is returned to the reaction zone. 

Investigations on pilot plant 
scale. The pilot plant investigation of 
the process, which has consisted of more 
than 300 test runs on five different pilot 
plants, has been under way for several 
years. The scope of the work has in- 
cluded the development of satisfactory 
equipment, the investigation of process 
variables and charging stocks, and the 
solution of specific commercial design 
problems. 

Because of the war it was necessary 
to begin the design and construction of 
commercial units before a comprehen- 
sive pilot plant program could be com- 
pleted. Consequently, most of the early 
part of the pilot plant program was de- 
voted to the solution of design prob- 
lems. 

Development of pilot plant equip- 
ment. The results of the early pilot 
plant tests in a plant that consisted es- 
sentially of a charge pump, a steel bomb 
equipped with a paddle mixer, a settler, 
a caustic scrubber for neutralizing dis- 
solved HF, and a debutanizer were good 
enough to warrant further work. The 
next part of the program was devoted 
to the improvement of the pilot plant. 
One of the major problems in this con- 
nection was the development of a sat- 
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isfactory contacting device. The con- 
tactor had to be so designed that thor- 
ough mixing of the hydrocarbon and 
HF phases could be obtained in a plant 
of a size corresponding to the limited 
supply of charging stock. It was found 
that a steel vessel fitted with a packed- 
shaft double impeller would best meet 
the requirements. One of the difficulties 
encountered with this mixer was the 
deterioration of the shaft packing 
through contact with the HF. This dif- 
ficulty was overcome by passing the 
stirrer shaft through the top of the re- 
actor, by lubricating the packing, and 
by bringing all of the hydrocarbon 
charge into the annular space around 
the shaft just below the packing, where 
it served as a protective flush. With this 
arrangement, runs of more than 30 
days were made without packing fail- 
ure. 

Later in the pilot plant program a 
unit was constructed which included a 
Stratco contactor built on pilot plant 
scale. The first few runs showed that 
the conventional mechanical seal, flush- 
ed with charging stock, similar to that 
used on commercial contactors was not 
suitable for work on a pilot plant scale. 
The packing in the seal failed because 
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the volume of charging stock was not 
sufficient to flush the HF away from the 
seal. This failure resulted in the leakage 
into the reactor of a large amount of 
the lubricating oil which was used to 
hold the faces of the seal together. This 
leakage was objectionable in that it re. 
sulted in contamination of the product, 
A modified type of seal was developed 
that reduced the seal oil leakage to be. 
tween 1 and 2 cc. per hr. over an ex. 
tended period of time. 


Problems concerned with process 
design. Three of the major problems 
in connection with plant process design 
that had to be solved on the pilot plants 
dealt with the recovery of dissolved acid 
in the alkylation products, the defluori- 
nation of the alkylation products, and 
the regeneration of the catalyst. 

The importance of recovering the HF 
dissolved in the hydrocarbon stream 
leaving the catalyst settler is shown by 
the fact that the value of this dissolved 
HF amounts to about 3 cents a gallon 
of alkylate for a plant operating unde: 
the usual commercial conditions. Since 
HF and hydrocarbons are relatively im- 
miscible and the HF is fairly volatile, 
it appeared that dissolved HF could be 
removed by fractionation from lower 
boiling hydrocarbons in a manner anal- 
ogous to that used for the removal 
of dissolved water from light hydro- 
carbons. 

In this type of separation the inor- 
ganic solute is driven upward in a 
countercurrent stripping column, and 
taken overhead in admixture with hy- 
drocarbon solvent in sufficient concen- 
tration that the liquid resulting from 
condensation separates into two phases, 
the solvent phase being returned to the 
column. This system may be used in 
any separation of relatively immiscible 
liquids if the Henry’s law constant of 
the solute is higher than the correspond- 
ing value for the solvent. 


Approximate values of these con- 
stants may be readily determined from 
vapor pressure data for the pure com- 
ponents and solubility data, by consid- 
eration of a three-phase system at sat- 
uration. The partial pressure of eac 
component from either liquid phase in 
such a system must be equal to that 
from the other liquid phase. In each 
case the partial pressure may be calcu- 
lated by application of Raoult’s law t 
the phase in which the component pre- 
dominates. 

Application of partial pressure data, 
determined by the above calculation, 
together with solubility data, to the 
phase which is predominantly hydro 
carbon in a saturated isobutane-HF sys 
tem indicates a Henry’s law constant 
for the HF approximately ten times 4 
high as that for isobutane. 


In view of the indication from this 
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calculation that such a means of sep- 
aration would be operable, a stripping 
column based on this principle was con- 
structed and installed in the pilot plant, 

ests on this column demonstrated that 
the HF could be stripped easily from 
the settler effluent. 


Because the presence of combined 
fluorine in the products of alkylation is 
objectionable, a method of removal had 
to be developed. Preliminary testing of 
many defluorinating agents in the lab- 
oratory was followed by more exten- 
sive testing of the promising materials 
on the pilot plants. The data sought 
were the life of the defluorinating agent 
and the relationship between space ve- 
locity, temperature, and per cent of de- 
fluorination. As a result of this work 
it was decided that bauxite should be 
used as the defluorinating material in 
the first commercial units. 


Although bauxite was sufficiently 
good to warrant its incorporation in 
the early plants, it had certain disad- 
vantages. One of these was that it com- 
bined with the fluorine which it re- 
moved from the alkylation products, so 
that it caused appreciable HF consump- 
tion. Another disadvantage was the 
necessity for the periodic replacement 
and disposal of the spent bauxite. A bet- 
ter defluorinating agent has been found, 
however, which catalytically decom- 
poses the alkyl fluorides into HF and 
olefins. This new catalyst will be used 
in such a manner that the liberated HF 
will be returned to the reaction zone. 
Thus, its use will reduce HF consump- 
tion and eliminate an operating incon- 
venience. 


One of the distinct features of the 
HF alkylation process is the ease with 
which the tarry material that gradual- 
ly accumulates in the catalyst phase 
may be removed. A method of regenera- 
tion was first discovered in the labora- 
tories, where it was found that simple 
distillation restored the activity of used 
catalyst. Pilot-plant work in connection 
with acid regeneration was primarily 
directed towards obtaining design data. 


Studies of the process variables. 
A considerable amount of data with re- 
spect to the effects of the feed-stock 
composition and process variables was 
obtained during the early part of the 
pilot plant program. The olefins that 
were investigated for alkylating isobu- 
tane included various butylenes, pro- 
pylene, amylenes, polymers, gasoline 
fractions, and mixtures of the foregoing 
olefin hydrocarbons. The effects of im- 
purities, such as butadiene, sulphur, and 
water, were studied. Tests also were 
made in which isopentane was used as 
the isoparaffin. Operating variables, in- 
cluding the isoparaffin-olefin ratio, cat- 
alyst activity, space velocities, tempera- 
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ture, and degree of mixing, were studied 
to determine their effects upon the yield 
of aviation alkylate, octane number, 
HF consumption, and regeneration re- 
quirements. These investigations are 
still under way. 

Chemistry of the alkylation proc- 
ess. Much of the experimental work was 
directed toward developing the chemis- 
try of the process with a view to orient- 
ing the further pilot plant work and 
commercial plant design. The reactions 
involved were found to be complex, 
since HF is a catalyst for a variety of 
different reactions. It can be shown that 
little or no reaction takes place in the 
hydrocarbon phase, since for a given 
feed rate relative to catalyst volume, 
changing the hydrocarbon residence 
time does not appreciably alter the 
overall results. The olefins apparently 
combine rapidly with the hydrogen 
fluoride and remain in the catalyst 
phase until converted into some other 
material through chemical reaction. 
Isoparaffins are slightly soluble in HF. 
The paraffinic products of reaction are 
also of limited solubility and may be 
readily extracted from the catalyst 
phase by contact with a hydrocarbon 
stream. 


The principal reactions occurring in 
the reaction zone are apparently as fol- 
lows: 


(1) Direct interaction of an olefin 
and an isoparaffin, either of 
which may be charged as such 
or may be the result of previous 
reactions. 


(2) De-alkylation of paraffins of 
high molecular weight. 


(3) Polymerization of olefins to 
form olefins of higher molecular 
weight. 

(4) Depolymerization reactions. 


(5) Hydrogen transfer reactions be- 
tween olefins to form saturated 
hydrocarbons and tars of low 
hydrogen content. 


(6) Hydrogen transfer reactions be- 
tween paraffins and olefins to 
form a paraffin corresponding to 
the olefin and an olefin corre- 
sponding to the paraffin. 


(7) Probably by the above reactions, 
net isomerization, particularly 
of the alkylate product, may 
occur. 

A number of reactions take place, 
and a variety of products may be made 
by changing the balance of these re- 
actions. The most desirable products 
are those of the direct combination of 
the olefin and the isoparaffin feeds, and 
conditions should be so chosen as to 
favor such a reaction within the limits 
of commercial practicability. The means 
of adjusting the balance between reac- 
tions lies in the control.of the concen- 


trations of the various reactants and 
reaction products. 


The undesirable reactions between 
olefins may be minimized by maintain- 
ing a low concentration of organic flu- 
orides in the catalyst phase; this condi- 
tion may be brought about by the use 
of a large catalyst pool relative to the 
charge rate. Therefore, units should be 
designed and operated to maintain a rel- 
atively large volume of catalyst in the 
reaction zone. 


The desired reaction of primary alky- 
lation is favored by a high concentra- 
tion of isobutane and a low concentra- 
tion of alkylate in the catalyst phase. 
The chemical reactions tend to decrease 
the concentration of isobutane in the 
catalyst phase and to increase the con- 
centration of alkylate in the catalyst 
phase. The recycling of isobutane in- 
creases isobutane concentration and de- 
creases alkylate concentration in the 
hydrocarbon phase and, consequently, 
increases isobutane concentration and 
decreases alkylate concentration in the 
catalyst phase when other conditions are 
constant. Increasing intimacy of con- 
tact also increases isobutane concentra- 
tionand decreasesalkylate concentration 
in the catalyst phase by providing more 
interfacial surface for material trans- 
fer. The latter effect diminshes as phys- 
ical equilibrium is approached. Thus, 
recycling isobutane, affording greater 
intimacy of contact, results in a cleaner 
reaction. 


Locally, at a region in the reaction 
zone, the concentration of isobutane 
may be too low and the concentration 
of olefin too high in the catalyst phase, 
if the internal circulation rate of the 
catalyst phase past the point of olefin 
injection is too low. Consequently, in- 
creasing the internal recirculation rate 
of the reaction mixture, including the 
catalyst phase, favors the desired re- 
action. 


Another process variable which has 
been found to be useful in controlling 
the reaction is the concentration of HF 
in the catalyst phase. Tars from hydro- 
gen transfer reactions accumulate in 
the catalyst phase until removed by dis- 
tillation. These tars alter both the solu- 
bility and the reaction characteristics of 
the catalyst; therefore, the amount of 
such materials has an influence on the 
type of reaction obtained. It has been 
determined experimentally that there 
is an optimum concentration of these 
materials. 


Temperature has been found to have 
little effect on the direction of the re- 
action in the range normally encount- 
ered. 

Pressure under which the reaction 
occurs should be sufficient to maintain 
the reactants and catalyst in the liquid 
phase. 
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A small portion of the total organic 
fluorides present in the reaction system 
at any time is in the hydrocarbon phase 
and is carried out of the reaction sys- 
tem with the hydrocarbons. It is desir- 
able to employ operating conditions 
such that the amount of this material 
in the hydrocarbon phase is kept at a 
minimum in order to conserve HF. 
Since the amount in the hydrocarbon 
phase is a function of the concentration 
in the catalyst phase, it follows that 
conditions which prevent the interac- 
tion between olefins, such as a relatively 
large catalyst pool, also minimize the 
loss of organic fluorides. The concentra- 
tion of organic fluorides in the hydro- 
carbon phase may be kept low by main- 
taining a relatively high concentration 
of HF in the catalyst phase. 


Testing of material and equip- 
ment. Many materials were tested stat- 
ically in the laboratory for resistance to 
corrosion both in anhydrous HF and 
in a constant-boiling mixture of HF 
and water. The more promising mate- 
rials were tested dynamically in com- 
mercial equipment in which a mixture 
of equal portions of anhydrous HF and 
butanes was circulated by means of a 
standard single-stage overhanging-type 
centrifugal pump through a system con- 
taining various types of valves, flow 
meters, control valves, and other equip- 
ment. Satisfactory available materials 
were found for various services. 


Extensive experimental work on 
packings for pumps and valves, lubri- 
cants for plug cocks, substitutes for 
conventional gauge glasses, and many 
other mechanical features and _ tech- 
niques was necessary in order to obtain 
the engineering information required 
for the design of a commercial plant. 


Special features in mechanical 
design. Previous to the development of 
the HF alkylation process there had 
been no installation in which anhydrous 
HF had been pumped in large quanti- 
ties. Small pumps had been used for 
loading and unloading tank cars; but 
losses due to leaks were relatively high, 
and the life of the pumps was short. 
The proposed designs in some cases in- 
volved the circulation in the reactor 
systems of quantities up to 300,000 gal. 
per min. and the pumping of external 
catalyst streams up to 900 gal. per min. 
into reactor systems containing approx- 
imately 20,000 gal. of HF. Leaks could 
not be tolerated in a large plant be- 
cause of the hazards involved and the 
value of the material. Since concen- 
trated HF attacks pump packings, it 
was necessary to make special provision 
for a leakproof pumping system. Many 
similar changes from standard designs 
for hydrocarbon and chemical manu- 
facture were required in instruments, 
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valves, piping, and other parts of the 
plant. Because of wartime conditions, 
it was necessary to adopt, as far as pos- 
sible, standard equipment with a mini- 
mum of modification. Special means of 
combating contamination of the at- 
mosphere and pollution of surface water 


had to be devised. 


Reactor equipment. Three basic re- 
quirements had to be met by the equip- 
ment in the reaction zone. It had to 
provide intimate contact between 
phases, ample volume to maintain a 
satisfactory reaction time, and means 
for removing the heat of reaction. 
Standard Stratco contactors with built- 
in cooling bundles were selected, and 
only slight modification was necessary 
to meet these requirements. These con- 
tactors, one of which is shown in Fig. 
2, are built of rolled carbon steel flanges 
and shell with cast steel bottom heads 
and mixing impellers. The contactor 
most commonly used has a volume of 
4900 gal. and an impeller driven by a 
250-hp. unit. Leakage along the im- 
peller shaft is prevented by a mechan- 
ical seal, 


Special pumps for HF service. 
Satisfactory methods of pumping and 
metering the catalyst phase had to be 
developed in connection with the in- 
vestigations concerning regeneration, 
because the quantities handled were be- 
low the practical range of a centrifugal 
pump. 

A mercury surge pump was devel- 
oped for this service. A conventional 
plunger type of pump is connected 
through a “U” bend to ball check 
valves. Mercury is placed in the “U” 
bend, and a light oil is maintained be- 
tween the mercury and the plunger of 
the pump. The HF in the opposite leg 
is moved by the mercury. A commer- 
cial lubricator is connected to the driv- 
ing mechanism of the pump and con- 
tinuously injects a small amount of oil 
to offset leakage. 


Instruments. The problems of the 
design engineer were simplified some- 
what by recent developments in instru- 
ments, su€h as wide-range level con- 
trols, torque-tube transmission, aneroid 
differential instruments, and remote 
electric flow meters. Such instruments 
have made possible the measurement, 
recording, and controlling of flows and 
levels in HF service without the pos- 
sibility of leakage that might be ex- 
pected through conventional stuffing- 
boxes. Hardened carbon steel parts were 
substituted for the critical alloys usual- 
ly employed for trim. 

Because the solubility of HF in hy- 
drocarbon varies with temperature, 
meter lines were purged to avoid preci- 
pitation which might be caused by 
change in temperature. An exhauster 
connection was also provided to facili- 
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tate preparing the instrument for re- 
moval from service. Fig. 3 illustrates a 
typical HF hydrocarbon flow meter 
installation. 


Standard pressure gauges were modi- 
fied for HF service by incorporating a 
seamless steel bourdon tube welded or 
silver brazed at the tip and in the socket. 


Skin-type thermocouples were used 
for temperature indication to minimize 
connections into equipment containing 
HF. Fig. 4 illustrates a typical skin 
couple. 


For reasons of safety all instruments 
that contained HF were mounted local- 
ly, and either air or-electricity was em- 
ployed for transmission to, or remote 
control from, the main instrument 


board. 


Pressure-relief systems. A closed 
relief system, through which all relief 
valves in HF service discharge, carries 
the vapors to a remote scrubber where 
they are neutralized before venting. 
The relief valves in HF service have 
special trim and are protected by a cor- 
rosion-resisting rupture disk. Fig. 5 
illustrates a typical relief valve installa- 
tion. The connection between the safety 
head and the relief valve is normally 
open to the relief header; it is closed 
only for the purpose of detecting a leak 
in the rupture disk. By closing the valve 
in the connection and by opening the 
valve against the pressure gauge, one can 
detect whether or not the safety head 
has developed a pinhole leak. 


In addition to the regular safety 
valves, there is an auxiliary relief sys- 
tem, which is set to operate at a pres- 
sure 15 to 20 Ib. per sq. in. below the 
relief valve setting. This blowdown sys- 
tem consists of a closed tank that is 
capable of receiving the entire contents 
of the contactors and acid settler. Each 
contactor and acid settler is equipped 
with a hydraulically operated drop-out 
valve, which is automatically operated. 
It may also be remotely controlled from 
the instrument board, or manually op- 
erated. 


Drain and exhauster system. A 
system whereby HF and hydrocarbons 
can be purged from any part of the 
system by evacuation was substituted 
for the conventional vents and drains. 
The exhauster clusters are usually lim- 
ited to from four to eight process con- 
nections so that valve leaks can be more 
easily located. A hydrocarbon seal pre- 
vents leakage of HF between the proc- 
ess equipment and the exhauster header. 

Utilities. The utilities are an impor- 
tant factor in the economical operation 
of an alkylation plant, and some changes 
were made from the ordinary design in 
order to utilize water and steam in the 
most economical manner. In general, 
the entire volume of cooling water that 
is required in the unit is passed through 





the cooling bundles in the contactors, 
where the rise in temperatures is usually 
about 114° F. The water is then taken 
to the low-temperature-level condens- 
ers and coolers, and is finally used in 
the higher-temperature-level equip- 
ment. In this manner it is possible to 
economize on condenser and cooler sur. 
face. The water is usually returned to 
the cooling tower at about 115° F., s9 
that satisfactory cooling tower efficiency 
results. Recording pH instruments were 
installed for detecting any HF leaks 
into the water system. 


The bottom temperatures on the ya- 
rious fractionation columns vary from 
175 to 375° F., and, for the greatest 
economy, it was found that, if all of the 
steam was supplied at 400 or 425 Ib. 
per sq. in. and 50 or 75° F. superheat, 
most of the power required for pumping 
and circulating could be taken out of 
the steam prior to its use in low-tem- 
perature reboiler service. That is, tur- 
bines will operate on steam at a pres- 
sure of 400 Ib. per sq. in. gauge on the 
governor and exhaust at a pressure of 
45 lb. per sq. in. The exhaust steam 
will be at a satisfactory temperature 
for reboiling the low-temperature tow- 
ers. Other turbines discharging at 150 
Ib. per sq. in. supply steam to the inter- 
mediate-level reboilers. 


Commercial results. Several com- 
mercial HF alkylation plants are in op- 
eration, and a number of others will be 
completed in the near future. The re- 
sults obtained have come up to the ex- 
pectations based on pilot plant data. 
The aviation alkylate has an octane 
number of about 93 A.S.T.M. The flu- 
orine content of the aviation alkylate 
has consistently been less than five parts 
per million. The mechanical troubles 
encountered have not been greater than 
those experienced normally in oil re- 
finery equipment. 


The HF alkylation process is typical 
of the war developments of the petro- 
leum and chemical industry. Through 
the cooperation of research workers, de- 
velopment and design engineers, HF 
manufacturers, and equipment sup- 
pliers, it has been possible to bring 4 
new process into commercial operation 
in time to aid in meeting the serious 
problem of supplying the wartime avia- 
tion gasoline requirements. 
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Refinery Corrosion Problems* 


By IVY M. PARKER 
J. S. Abercrombie Company 


OR economic reasons the solution 
of any corrosion problem pays div- 
idends. During war time the conserva- 
tion of materials is equally important. 

Refinery corrosion problems begin 
when the crude enters the refinery and 
do not cease until the products line 
leaves. In the Gulf Coast area we have 
four corrosion problems: (1) Oil, (2) 
atmosphere, (3) soil, and (4) water. I 
propose to discuss briefly the corrosion 
of steel in contact with the first and 
last, namely oil and water. 

The corrosion problems associated 
with the metals in contact with the oil 
may be classified into two groups— 
those associated with sweet crudes and 
those with sour crudes. The problems 
associated with sweet crude are very 
minor when compared with those en- 
countered with sour crudes. The sour 
crude problems may be classed as those 
associated with low (below 500°F.) 
temperatures as in crude units, as con- 
trasted to high temperature corrosion 
as in cracking unit furnace tubes. This 
last problem has been attacked mainly 
by installing alloy metal tubes that will 
withstand the conditions encountered. 

Corrosion problems are very specific 
and no general remedies can be given. 
Some conditions with which I am fa- 
miliar along with steps that have been 
taken in an attempt to improve them 
are cited. 

I shall touch very briefly upon crude 
oil pipe line corrosion as my experience 
with this problem has been very limited. 
A few sections of line that had been 
removed because of failure have been 
examined. Here the internal corrosion 
appeared to be more severe on the bot- 
tom side indicating some relation to the 
moisture content. I have assisted Derk 
Holysten of Shell Oil Company, Inc., in 
examining the white material resulting 
from electrolytic corrosion of pipe lines 
to identify ferrous iron probably pres- 
ent as hydroxide. This problem of elec- 
trolytic corrosion of pipe lines is a vital 
one in the refinery setup. 

Following the crude into the refinery, 
it is a well known fact that steel tanks 
suffer greatly in the presence of sour 
crudes or unsweetened sour products. 
Tank bottom corrosion arises from at- 
tack from water settling from the 
crude (the severity usually depending 
upon the pH of the water) and from 
scale, containing sulphide and free sul- 
phur, falling from the roof to the floor. 
These scale particles apparently set up 
highly anodic points and produce severe 


*Presented before National Association of Corrosion 
Engineers, Houston, Texas, April 10-12, 1944. 
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pitting. The roof and top ring of the 
tank suffer severely from the damp sul- 
phide atmosphere containing some air. 
Free sulphur is liberated and deposited 
to produce specific anodic areas and pit- 
ting. As a rule very little corrosion 
takes place in the sweet crude storage 
tanks provided the settled water is not 
acid. Sweet crudes appear to be acid 
mainly when the wells have been acid- 
ized and the crude improperly washed. 
Our friend or enemy magnesium chlo- 
ride is usually associated with sour 
crudes. Gunnite has proved a valuable 
tool in reclaiming rapidly failing tanks. 
The life of both roofs and bottoms have 
been extended greatly by applying this 
special cement or concrete. 

Corrosion in the refinery crude unit 
is most pronounced in condensers, cool- 
ers, and rundown lines. This problem 
is always associated with hydrochloric 
acid production, either from acid pres- 
ent in the crude or produced by hy- 
drolysis of magnesium chloride, and/or 
sulphide production with the combina- 
tion being worse than either alone. The 
point of attack in these instances is def- 
initely associated with the initial con- 
densation of moisture. 

This problem has been attacked by 
two methods: (1) Desalting the crude, 
and (2) neutralizing the acid consti- 
tuents at the point of condensation. 
The first when effectively carried out 
materially reduces the corrosion. The 
second usually employing caustic or 
ammonia with or without flushing with 
water is of great benefit but does not 
solve the problem. Ammonia has gained 
preference over caustic because less dif- 
ficulty is experienced with salt choking. 
In prewar days the general practice was 
to construct condensers and coolers of 
admiralty metal bundles with steel or 
cast-iron shells. Then the problem was 
to effectively neutralize the acid con- 
densate as formed. The success of the 
operation depended upon a ‘balance be- 
tween the proper neutralization of the 
acid without undue attack of the ad- 
miralty by the ammonia. By custom the 
control has been to adjust the pH of 
the water drawn off to 7.5 to 8.0. This 
did not solve the problem because fre- 
quent replacement of condenser bun- 
dles, steel shells, and rundown lines were 
still necessary. 

With the material shortage exper- 
ienced in recent months, it has been 
necessary to replace the admiralty bun- 
dles with steel. In one such case the 
ammonia injection was increased to 
raise the pH of the condensate to be- 
tween 8.5 and 9.0. The steel tube bun- 






P 791. 


dies lasted only 3 to 6 months, Aq. 
miralty tubes under similar conditions 
except pH of 7.5 lasted 6 to 12 months, 

It has been proposed that organic 
chromium compounds could be jp. 
jected into the vapor line above the 
condensation point, which would in. 
hibit the steel against attack. An at. 
tempt to try this material was aban. 
doned because of mechanical difficyl. 
ties. 

The corrosion in the products pipe 
lines has been proved to be associated 
with the water accompanying the oil, 
The problem has been attacked by re. 
ducing the quantity of water toa min- 
imum, applying scrapers periodically to 
remove products of corrosion, and by 
adding water soluble corrosion inhib- 
itors. Of these sodium nitrate has given 
excellent results. 

Corrosion is also an important prob- 
lem in the cooling water system of the 
refinery. As in all other types of cor- 
rosion we have anodic and cathodic 
areas with the metal going into solu- 
tion at the anode. In neutral or slightly 
alkaline medium the corrosion products 
form a barnicle or tubercle covering 
the anodic area. Thus, there is the prob- 
lem of loss of metal coupled with reduc- 
tion in capacity. 

The average refinery cooling water 
system consists of the makeup source, 
heat exchangers and cooling tower with 
the water circulating through the tow- 
er every 15 to 30 min. Each time the 
water passes over the tower, it becomes 
virtually saturated with air besides pick- 
ing up corrosive gases such as CO,, HS 
and SO,,. 

Some of the factors that contribute 
to water side corrosion are dissolved 
oxygen, oil, sulphide and composition 
of metals. The principal means of com- 
bating it are the use of water soluble 
rust inhibitors, natural or added. De- 
aeration has been used effectively and 
cathodic protection has been applied 
with considerable success in some cases. 

Fundamentally our cooling water 
corrosion involves the following reac- 
tions: 

Anodic 

Fe° — 2 (—) = Fe*" 
Cathodic 
0,-+2H,O + 4(—) =40H- 

As indicated by the reactions, the 
process is under cathodic control with 
an alkyline condition existing at the 
cathode area and the iron going into 
solution at the anodic area. This reac- 
tion may be inhibited by restricting the 
oxygen content as in deaeration or by 
covering the cathodic area with a film 
that is not permeable to oxygen. It may 
also be inhibited by restricting the rate 
of reaction at the anode. Normally the 
corrosion product is a complex iron 
oxide that is permeable to the passage 
of chloride ions and water and does 
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not materially stifle the reaction. In 
addition an area of low oxygen concen- 
tration is established, which in conjunc- 
tion with the air saturated cooling water 
sets up ideal conditions for oxygen con- 
centration cells. Thus the intensity of 
the corrosion increases. 

You are probably familiar with Evans 
classification of inhibitors as safe and 
dangerous which in reactions under 
cathodic control apply to cathodic and 
anodic inhibitors. He defines as cathodic 
those inhibitors which stifle the corro- 
sion by limiting the cathodic area there- 
by decreasing the intensity of corrosion 
without reducing the area affected. The 
anodic inhibitor initially stifles the an- 
odic area without reducing the inten- 
sity and will temporarily increase ten- 
dency to pittng. If sufficient inhibitor 
is applied the latter condition will con- 
tinue to exist. For this reason Evans 
classes the anodic inhibitor as danger- 
ous. Chromates and silicates fall into 
this class in very soft waters. In hard 
waters silicates appear to have some 
cathodic effect as well as anodic. Con- 
trolled calcium carbonate precipitation 
is definitely cathodic in action. 

My experience with water corrosion 
is limited to three types of water: 
aerated soft high bicarbonate, unaer- 
ated soft bicarbonate, and soft low 


alkalinity water, the greater portion be- 
ing with the soft bicarbonate water. 
Typical analyses of these waters are as 
follows: 


1 2 3 
SiOz, p.p.m. 12 22 10 
R2Oz, p.p.m. 1 3 1 
Calcium, p.p.m. pas inaatis 7 7 10 
Magnesium, p.p.m. 2 31 5 
Sodium, p.p.m. 169 37 
Carbonate, p.p.m. 0 0 0 
Bicarbonate, p.p.m. 352 278 55 
Chloride, p.p.m. 73 1360 45 
Sulphate, p.p.m. 11 0 14 
Organic material, p.p.m. - 519 — 
Dissolved solids, *p.p.m. 451 2108 148 
pH . 8.0 8.0 8.0 


*Calc. with bicarbonate converted to carbonate. 


A plant started up on the soft bicar- 
bonate water shown in analysis No. 1 
did not show serious corrosion until 
after sodium hexametaphosphate had 
been introduced as a scale inhibitor. It 
was assumed that the phosphate brought 
about the removal of the natural in- 
hibitor, C,CO,, present in the water 
Abandonment of the hexametaphos- 
phate for a period of 6 months did not 
appear to reduce the corrosion rate and 
the scaling in the hot sections made it 
necessary to reapply the phosphate. Two 
corrosion inhibitors were applied along 
with the phosphate with considerable 
success. In systems where there was a 
build up of solids due to concentration 
the D. W. Haering Company Quachrom 
was used in concentrations of 35 to 50 
p-p-m. with very good results. In sys- 





tems where less than three concentra. 
tions of solids was obtained sufficient 
40° Bé sodium silicate was added to 
raise the normal SiO, content 10 to 20 
p.p.m. The results were excellent in the 
oil free systems. In systems containing 
oil and sulphide there was great im. 
provement but the results were stil] 
none too good. 

The water represented by analysis 
No. 2 was pumped from the well dj- 
rectly through the units and therefore 
was not aerated. It contained consider- 
able dissolved gases and some CO,, The 
corrosion from thiswater was only tube- 
end corrosion and appeared to be asso- 
ciated with turbulence. The tube ends 
were protected by applying paint. 

The water represented by analysis 
No. 3 was lime softened water and was 
introduced into a cooling system con- 
taining considerable oil. The loss of 
water from the system was great enough 
to prevent more than 1.5 concentration 
of solids. Severe corrosion set up in the 
system in a short time. Application of 
sodium silicate was started to effect a 
decrease in number of active areas but 
at present serious pitting is still taking 
place. The next steps to be taken are 
removal of the oil and elimination of 
some of the water waste. 
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Viscosities of Natural Gases* 


HE viscosity of a natural gas is 

required whenever calculations are 
made of the pressure drop that occurs 
while the gas flow: through pipes or 
porous media. Methods of predicting 
the viscosities of gases at the present 
operating pressures are not available. 
This paper presents a simple method of 
predicting the viscosity of a natural gas 
in the single-phase region from its mole- 
cular weight, temperature, and pres- 
sure. 


Viscosity of methane-propane 
mixtures. The viscosity of methane, 
propane, and four of their binary mix- 
tures, 20, 40, 60, and 80 mol per cent, 
have been determined for pressures 
from 400 to 5000 Ib. per sq. in. and 
temperatures from 77° to 437° F., with 
an experimental accuracy of 3.2 per 
cent.” The apparatus used in the inves- 
tigation was a modification of that em- 
ployed in previous studies*:’* on the vis- 
cosity of normal paraffin hydrocarbons. 
It consists of a viscosimeter of the roll- 
ing-ball, inclined-tube type, °**? with 
auxiliary equipment for making up and 
charging binary mixtures into the vis- 
cosimeter.” The viscosity data on the 
methane-propane mixtures have been 
plotted as a function of molecular 
weight with lines of constant pressure, 
charts of constant temperature in Figs. 
1 to 3. These charts are extrapolated at 
temperatures below 77° F. and at pres- 
sures above 5000 Ib. per sq. in. 


Prediction of viscosity from 
molecular weight of a natural gas. 
At atmospheric pressure the viscosity of 
light hydrocarbon gases increased with 
increased temperature, contrary to the 
change of viscosity of liquids with tem- 
perature. The atmospheric viscosities of 
the normal paraffin hydrocarbons have 
been determined by several investiga- 
tors*-4,9,10,12,15,16,17,19 and are plotted in 
Fig. 4 as a function of molecular 
weight, with extrapolation to 896° F. 
ind to 220 molecular weight. Data for 
sopentane and normal pentane show 
less than 2 per cent difference in vis- 
cosity, indicating that Fig. 4 can be 
used for isomeric paraffin hydrocarbons 
with an accuracy of approximately 2 
per cent. Trautz and Sorg** determined 
the atmospheric viscosities of methane- 
Propane mixtures and showed that they 
re proportional to the molecular 
weight. The viscosities of these mix- 
tures calculated from Fig. 4 represent 
the experimental data with an average 


saan mnented before American Institute of Mining and 
“Metallurgical Engineers, New York City, February, 1943. 


University of Michigan 


deviation of 0.44 per cent, as tabulated 
in Table 1, indicating that Fig. 4 can 
be used for obtaining the atmospheric 
viscosities of light paraffin hydrocarbon 
mixtures such as natural gases. Berwald 
and Johnson? determined the atmos- 
pheric viscosities of natural gases con- 
taining various amounts of nitrogen. 
Their data are represented by Fig. 4 
with an average deviation of about 3.5 
per cent, comparable with their experi- 
mental accuracy, for gases containing 
less than 7 per cent of nitrogen. For 
gases containing higher percentages of 
nitrogen, a molecular average of the 
viscosity for nitrogen-free gas as read 
from Fig. 4 and for pure nitrogen gave 
satisfactory agreement with the experi- 
mental data. 


Since the viscosity of light paraffin 
hydrocarbon mixtures is a function of 
molecular weight at atmospheric pres- 
sure, it might be expected that the 
same relationship would hold for higher 
pressures. To test the applicability of 
Figs. 1 to 3 for predicting the viscosi- 
ties under pressure of light hydrocarbon 
mixtures such as natural gases from 
the molecular weights or gravities of 
the gases, a comparison is made be- 
tween the predicted viscosities and the 
experimental values reported for nat- 
ural gases in Table 1. The predicted 


By LEO B. BICHER, JR., and DONALD L. KATZ 


viscosities compare with the reported 
values with an average deviation of 5.8 
per cent. This accuracy is comparable 
with the experimental accuracy of “ap- 
proximately 5 per cent” reported by 
Sage and Lacey.*® 

The two-phase region indicated in 
Figs. 1 to 3 is the two-phase region for 
the methane-propane system. It is 
known that the two-phase region is a 
function of the concentration of the 
constituents in the gas as well as of the 
molecular weight. For this reason, and 
because the physical properties of fluids 
are known to change rapidly near the 
critical region, Figs. 1 to 3 should not 
be used for predicting the viscosity of a 
gas near its critical region, or at a tem- 
perature and pressure where two phases 
exist. 

The methane-propane data may be 
correlated on the basis of molecular 
weight, pseudocritical temperature, and 
pseudo-critical pressure.* The predic- 
tion of the viscosity of a natural gas 
by this relationship requires the analy- 
sis of the gas from which the pseudo- 
criticals may be computed. Although 
this correlation based on pseudo-critical 
temperature and pressure has advant- 
ages for predicting viscosities of mis- 
cellaneous hydrocarbons, especially in 
the neighborhood of the two-phase re- 





Mol per Molec- 


TABLE | 


Comparison of calculated viscosities with reported values 








Gases investigated cent ular 
CH, weight 
Trautz and Sorg!? 
CH,-C3Hg mixture......... 63.16 26.4 
CH¢-C3Hs mixture - 36.17 33.9 
CH,-CyHs mixture 16.59 39.4 


Sage and Lacey" 
Lean natural gas... . 83.19 20.4 








Rich natural gas........... 69.74 25.0 


Berwald and Johnson! 
Natural gas No. 2... ats 98.4 16.2 











Viscosity, 

Tempera- | Pressure, |__™cropolses_ _|_-Percent- 
ture, Ib. per age of 
°F. 8q. in Caled Exptl. error 

32 14.7 88.3 | 88.9 0.68 
104 14.7| 100.1 100.8 — 0.70 
248 14.7| 122.2 123.6 | — 1.13 
392 14.7| 143.5 144.1 ~ 0.42 
464 14.7| 153.3 153.2 | + 0.07 
32 14.7 82.0 82.1 - 0.12 
104 14.7 93.2 93.4 — 0.21 
248 4.7| 114.7 115.3 | — 0.52 
392 14.7 | 135.2 | 135.5 | ~ 0.22 
464 14.7] 144.6 | 144.3 | +0.21 
32 14.7| 77.8 | 77.5 | + 0.39 
104 14.7| 88.6 | 884 | +0.23 
248 14.7| 109.8 109.2 | + 0.55 
392 14.7| 129.8 129.0 | + 0.62 
464 14.7| 139.2 | 138.5 | + 0.82 
100 soo | 12 | 133 | —83 
1,500 163 | 180 —95 
2,500 214 «| «(219 | ~ 23 
160 500 129 136 | —52 
1,500 161 | 172 | —64 
2,500 205 | 200 | + 2.0 
200 500 133 145 — 83 
1,500 10 4 #8| 17% =#«=| —8.1 
2,500 192 || «192 «| +00 
160 1,000 460¢=C<“‘;*‘C‘iKC| — 2.6 
1,500 174 =| 170 +2.4 
2,000 203 | 191 | +63 
200 1.000 144 m= | —34 
1,500 166 =| ~=«157 + 5.7 
2,000 183 | 169 | +83 
| 
60 103.2 108 3 | + 49 
304.6 113 103 +9.7 
499.8 118 103 | «(+146 
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could be plotted as a function of tem. 
perature, as a means of interpolation, 

Gases containing nitrogen. Figs, 
1, 2 and 3 are based on methane-pro. 
pane mixtures without the presence of 
nonparaffin hyrocarbons. Although the 
relationships presented may apply fq 
unsaturated hydrocarbons, the viscosit, 
of gases containing more than about 5 
per cent nitrogen should not be ob. 
tained by using Figs. 1 to 3 directly, 
Since at atmospheric pressure the molj| 
average viscosity of nitrogen and the 
nitrogen-free hydrocarbon gas repro. 
duces the experimental value, a similx 
procedure for gases under pressure 
should be the best approximation noy 
available. Table 2 presents viscosity 
values for nitrogen interpolated and 
extrapolated from literature !+!9 dat, 
at 25°, 50°, and 75° C. for pressures to 
10,000 pounds. 


MICROPOISES 


VISCOSITY, 
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Fig. 1. Chart for predicting viscosities of natural gases from data for methane- 7. Hoppler: Chem. Zeit. (1935) 57, Nat, 


propane mixtures 


gion, it does not reproduce the data on 
natural gases any more closely than 
the simple molecular-weight plots. 
Example calculation. For purposes 
of illustration, the viscosity of the lean 
natural gas reported by Sageand Lacey*® 
will be calculated from its molecular 
weight, at 160° F. and 2500 Ib. per sq. 
in. In this case, the analysis is given 
but a measured gas gravity (air — 1.0) 
would have been sufficient. 
Calculated average molec- 


ular weight = 20.42 
Viscosity at 100° F., 2500 lb. 
per sq. in. —= 214 micropoises 


(from Fig. 2) 
Viscosity at 200° F., 2500 lb. 
per sq. in. = 192 micropoises 
(from Fig. 2) 
Assuming straight-line interpolation 
between the temperature plots, the vis- 
cosity of the lean natural gas at 160 °F. 
and 2500 Ib. per sq. in. is: 
160 — 100 
214 300 — 100 (214 — 192) 
= 205 micropoises 
The correspdnding experimental val- 
ue reported by Sage and Lacey is 200 
micropoises. 


If the viscosity is changing rapidly - 


with temperature, the viscosities at any 
given pressure and molecular weight 
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62. 


Fig. 2. Chart for predicting viscosities of natural gases from data for methane- 
propane mixtures 
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Whether for field, plant or lab- 
oratory use, the Testing Equip- 
ment manufactured by The Refin- 
ery Supply Company is designed 
to quickly and accurately provide 
the desired information. 


Laboratory apparatus, gas testing 
equipment, gasoline testing ap- 
paratus and oil testing instru- 
ments are designed and manufac- 
tured by R. S. Co. Besides the 
items carried under the above 
classifications, other scientific 
equipment, made by the leading 
manufacturers, is always carried 
in stock. 





VAPOR PRESSURE 
BOMB 


For liquefied petroleum gas prod- 
ucts. The bomb is tested for pres- 
sures up to 2,000 pounds. The bomb 
is supplied with a 3” nickel-plated 
test gauge, range 0 to 250 pounds 
per square inch, in 1-pound gradua- 
tions. 





THE REFINERY SUPPLY 


621 E. 4th Street 
Branch Office 


-1309 Capitol .Ave. 


TESTING 


EQUIPMENT 














HYDROMETER JAR 


This pressure hydrometer jar is used 
to measure the specific gravity of 
liquids, which would under atmos- 
pheric pressure, evaporate into a 


gaseous form. 


Main Office and Plant 
TULSA, OKLAHOMA 
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RECORDING 
GRAVITORMETER 


The improved AC-ME Recording 
Gravitometer is designed to con- 
tinuously record the specific grav- 
ity of gases. 

The instrument is fully compen- 
sated for temperature and barom- 
etric changes and gives an accu- 
rate record of gravity. 


The instrument contains no rotat- 
ing parts, which might become 
worn out. Owing to the simplicity 
of operation and sturdy construc- 
tion, only a minimum amount of 
maintenance is required to keep 
the instrument functioning accu- 
rately. 





— 


MOISTURE 
TESTER 


For determining the moisture con- 
tent of the vapors of propane and 
other gases. It can also be used to 
determine the water concentration 
in liquid propane. Relative humid- 
ities over a comparatively wide 
range may be determined. 


Pressure gauge has a range of 0 to 
200 pounds. Instrument is delivered 
complete. 





Houston, Texas 


og oF 


Ph. 4-8144,L.D. 581 
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TABLE 2 
The viscosity of nitrogen 


_ Temperature, °F. 


Ib. per 0 | 60 100 | 200 300 


Viscosity, micropoises 


172 182 206 227 


Rod 
i] 
w 
— 
to 
ow 
to 
w 
he 


34 | 242 | 256 
4,000 259 257 257 | 261 | 268 
6,000 328 315 | 308 | 299 | 295 
8,000 373. | «358 | 337 | 323 
10,000 433 | 405 | 377 | 361 
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Fig. 4. Viscosity of paraffinic hydrocarbon gases at atmospheric pressure 
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PROCESSED IN 
COPPER, STAINLESS 
STEEL OR OTHER 

~ ALLOYS 








Even the most contrary pipe line responds amiably when you install 


Ring Controlled Packless Expansion Joints made by Badger Fire 
Extinguisher Company. Joint tight and requiring no packing, they 
provide perfect automatic compensation for every variation in tem- 
perature and pressure and for all vibration or axial movement. 
Ring Controlled Packless Expansion Joints as made by Badger 
Fire Extinguisher Company are especially processed to eliminate 
stress and strain in the metal. Made with single or multiple corrugo- 
tions, in flange or weld types, and in a wide range of metals and 
alloys to fit your particular needs for steam, air, liquid or gas lines. 


Catalog on request 





























[BADGER FIRE EXTINGUISHER COMPANY / Somerville, Mass. / 
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Centrifugal Compression of Hydrocarbon Gases* 


Author’s foreword: This discussion is 
not a mathematical or thermodynamical 
treatise on compressors or combustion 
turbines, but simply a brief historical 
discussion of them setting out where I 
think they may fit into your picture. 
Nothing in this discussion is intended 
to condemn or derate reciprocating 
equipment, which plays such an im por- 
tant part in our great industry. 


HE use of high rotative speed cen- 

trifugal pumps for the moving of 
liquid-phase fluids in all branches of the 
petroleum industry is very general. In 
fact, one would have to look quite 
thoroughly to find other than a crank- 
less rotating type machine for liquid 
pumping in any petroleum industry 
plant installation placed in operation 
during the last few years. 

The question is often asked—Is there 
any reason why high speed centrifugal 
pumps cannot move vapor phase fluids 
as well as liquids? Development during 
the last few years permits the answer 
to this question to be ““No.” 

A brief historical review of the de- 
velopment of prime movers shows that 
man’s first knowledge and use of the 
expansive force of the vapor of water 
is unknown; however, records do show 
that such knowledge existed earlier 
than 150 B. C. In a treatise of about 
that time entitled ““Pnuematica,” Hero, 
of Alexandria, a Greek mathematician, 
described not only existing devices of 
his predecessors and contemporaries but 
also an invention of his own which util- 
ized the expansive force of steam for 
raising water above its existing natural 
level. He clearly describes three meth- 
ods in which steam might be used di- 
rectly as a motive power: (1) Raising 
water by its elasticity, (2) elevating a 
weight by its expansive power, and (3) 


*Presente before Natural Gasoline Association of 
1, Dallas, Texas, April 12-14, 1944, 


Fig. 1 





By E. O. BENNETT 
Consulting Engineer 


producing a rotary motion by its reac- 
tion on the atmosphere. The third 
method, which is known as “Hero’s 
Engine,” is described as a hollow sphere 
(Fig. 1) supported over a caldron or 
boiler by two trunnions, one of which 
was hollow and connected the interior 
of the sphere with the steam space of 
the caldron. Two pipes, open at the 
ends and bent at right angles, were in- 
serted at opposite poles of the sphere, 
forming a connection between the cal- 
dron and the atmosphere. Heat being 
applied to the caldron, the steam gen- 
erated passed through the hollow trun- 
nion to the sphere and thence into the 
atmosphere through the two bent pipes. 
By the reaction of the steam against the 
atmosphere when escaping through the 
pipes, the sphere was caused to rotate 
and here is the primitive steam reaction 
turbine and first known rotating me- 
chanical power device. 

In his writing, Hero makes no sug- 
gestions concerning the application of 
the devices he described for any useful 
purpose. From Hero’s time until the 
late sixteenth and early seventeenth 
centuries, there is no record of any fur- 
ther progress with such engines, though 
some evidence is found that such de- 
vices, as were described by Hero, were 
sometimes used for trivial purposes, such 
as the blowing of an organ or the turn- 
ing of a skillet.* 

The above historical discussion shows 
that the general idea of rotary type en- 
gines was known long in advance of 
any knowledge of reciprocating types, 
which first came into prominence dur- 
ing the time of Watts about 1760. 

Reciprocating type engines for gen- 
eral power purposes were in use prior 
to the development of high speed tur- 
bines; and as a natural sequence, be- 
cause of their slow speeds, the use of 
reciprocating type fluid compressors, 
based on the same fundamental features 
of mechanical design, followed and are 
still with us. 

Later steam turbines of various types, 
with speeds up to several thousand rev- 
olutions per minute were developed and 
placed in practical operation and pro- 
vided prime movers for electric current 
generation and for the turning of cen- 
trifugal pump shafts, fans, and other 
high speed units for liquid transmission 
in general industrial use, including low 
pressure gas pumps, known as blowers. 

With the development of high speed 
turbines and motors, centrifugal pumps 
for the handling of liquid phase fluids 
became universal throughout the petro- 


*Babcock & Wilcox publication, 1913. 


leum industry and there are now many 
thousands of such pumps delivering 
variable quantities against exceedingly 
high pressures with practically trouble. 
free results. 

The same principles of design that 
are used in centrifugal pump construe. 
tion are used in the design of centrify- 
gal compressors. The only difference be. 
tween the two being that the centrifu. 
gal pump handles relatively non-com- 
pressible fluids, whereas the centrifugal 
compressor, often called a turbo-com- 
pressor, handles compressible fluids. (See 
Fig. 2, cross section through centrifugal 
compressor) . 

“There is a tendency among engineers to 
confuse a centrifugal compressor, either with a 
rotary compressor or with a reversed steam tur- 
bine. It may not be amiss, therefore, to point 
out that it resembles neither. The rotary com- 
pressor is merely a positive compressor with ro 
tary instead of reciprocating pistons and re- 
quires either contact parts or sealing liquid, or 
both. In general it is much more subject to wear 
than a reciprocating machine, and in most cases 
requires valves. In general, it is both inefficient 
and short lived and for this reason its appear- 
ance in industry has not been general. 

“A mechanism such as the steam turbine 
cannot be operated effectively in reverse, as a 
pump, for a reason very similar to the well 
known fact that a Pelton wheel cannot be used 
as a centrifugal water pump. The steam turbine 
is designed primarily to utilize efficiently the- 
kinetic energy of an expansible fluid, but is not 
adapted to reverse this process. While the me- 
chanical efficiency of a steam turbine under the 
best conditions may be 75 to 80 per cent, an ats 
tempt to use it in a reverse process would result 
in an absurdly low efficiency, making its use 
uneconomic.” 

Centrifugal pumps or compressors 
are designed upon entirely different 
principles than steam turbines but are 
capable of giving efficiencies, with 
proper design, of well over 80 per cent: 








*W. H. Carrier, American Society of Refining Engi- 
>, December, 1925. 
Fig. 2 
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- Nat eyy 
NEEDED 
with POWELL Engineering 


at your service .... 





Fig. 1944—Stainless Steel “Y” 


Guessing and gazing are out when it comes to Valve for 125 pounds W. P. Has 
: : flanged ends, with outside screw 
buying your flow control equipment. Because, rising stem threaded through 
for even the simplest operation, the valve must bronze yoke bushing and bolted 
: . : flanged yoke bonnet. Body can 

be of correct design to obtain maximum effi- be provided with cleanout pock- 
‘. . . . ets on special order. This type of 
ciency. This not only includes basic type, such valves provides the straightway 
“ex? full flow area of the Gate valve 

as Globe, Angle, Gate, ““Y’’, Check, etc., but such plus the throttling feature and 
factors as suitable stem action, bonnet construc- easy regrinding and renewability 
; : 7 of disc of the Globe valve, there- 
tion, working pressure and especially the ma- by effecting considerable savings 


terials used in the body and mountings. oo SERRE. 
The valves shdwn here are a few of the complete 
line designed by POWELL Engineering for re- 
finery services. When made from the proper 
pure metals or special alloys, as recommended 
by our Engineers, they are especially adapted 
for handling Hydrogen Chloride in Isomeriza- 
5, 2457—Large size Stainless _ tion Plants and Hydrofluoric Acid, Sulfuric Acid, 
W. P. Has flanged ends, outside and Sodium Hydroxide in Alkylation Plants. 
sal oo age aii 

full round bolted flanged yoke And, to help you solve your individual flow con- 


bonnet, and plug type disc. trol problems, POWELL Engineering is always 
Sizes, 4” to 12’, inclusive. 





at your service for consultation. 
Fig. a pare Senate 

Valve for 150 . P. Has 

The Wm. Powell Co. fangel enta, sunidsewen rising 


stem threaded through bronze 





Dependable Valves Since 1846 yoke bushing, bolted flanged 
yoke bonnet, and plug type disc. 
Cincinnati 22, Ohio Sizes, 14’’ to 3”, inclusive. 
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and it is believed that continued devel- 
opment and use of such units will per- 
mit further increases in their efficiencies. 


A centrifugal compressor has one 
feature in common with a turbine and 
that is freedom from wear and of main- 
taining constant efficiency throughout 
its life. The centrifugal compressor has 
the same simplicity of operation as a 
turbine. In addition to these features it 
is a machine, which, when actuated by 
a suitable prime mover, is capable of 
transferring energy to a fluid whether 
such fluid is in a vapor or liquid phase 
with very excellent operating eff- 
ciencies, 


A centrifugal compressor requires no 
valves or rubbing surfaces, other than 
its two main shaft bearings; and its suc- 
cessful operation is not dependent upon 
extremely close rotating and recipro- 
cating types of gaseous phase pumps or 
compressors. 

The same fundamentals of design en- 
ter into both centrifugal pumps’ and 
centrifugal compressors except that the 
centrifugal compressor, due to the ne- 
cessity of handling compressible fluids 
of less density than normal centrifugal 
pumps handling liquids, is, in most 
cases, Operating at considerably higher 
rotating speeds. Higher speeds in cen- 
trifugal compressors such as used in 
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turbine practice call for large diameter 
shafts that make a very rugged typ, 
machine. Steel disks are used in the con. 
struction of the rotary members to pro. 
vide adequate strength. Where sever) 
stages of compression are required, thin 
metal labyrinths are used to prevent 
leakage between stages. Such a labyrinth 
seal is very effective and is practically 
frictionless. Such seals have been used 
in steam turbines for many, many years, 
and there is nothing new or radical in 
their use. No metal contacts exist jn 
the labyrinth seals. 

The only parts of a centrifugal com. 
pressor subject to mechanical wear are 
the two main shaft bearings, and it is, 
well known fact that with proper de. 
sign and lubrication the life of a high 
speed bearing is very great, and the 
shafts and bearings will retain their orig. 
inal dimensions for a great many years. 
(Figs. 3, 4, and 5.) Reciprocating m- 
chines of modern design have bearin 
that last much longer than those of the 
early machines but cannot begin to 
compare with the life of high speed 
centrifugal equipment. 

Due to its simplicity of design and 
minimized number of wearing parts, 
the mechanical efficiency of a centrifu- 





i 
Oil Pressure 
Regulating Valve 











gal turbine is found to be over 99 per 
cent. The mechanical efficiency of a 
reciprocating type unit is somewhat less. 

The efficiency curve of a centrifugal 


Fig. 4 
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BUREAU OF EXPLOSIVES REGULATIONS cover 

shipment of petroleum products. “U.S” Tank Car 
askets fully meet these requirements, and are 

standard equipment with many large shippers. 


SHIPPING OIL and GASOLINE 


IS A TICKLISH JOB 


Every precaution must be taken to avoid leakage 
and spillage when fuel oil or gasoline is in transit. 





























Sloshing of the liquid may cause seepage, unless 
the dome covers and outlet caps are perfectly 
sealed for the entire trip. Leakage results in waste, 
creates a fire hazard. 


Long before the war U.S. Rubber technicians 
engineered gaskets of special compounds for both 
dome covers and outlet caps. These gaskets have 
all the desired qualities for this service: sufficient 
pliability to insure perfect seal; firmness to resist 
squeezing out; resilience that combats permanent 
set and brings the gaskets back to usable shape 
when cover or cap is removed; toughness to resist 
any abrasive action during application; resistance 
to deteriorating action of oil and gasoline; mini- 
mum swell; and ability to retain these qualities 
under extremes of temperature. 


Today “U.S.” Tank Car Gaskets are saving 
fuel, man-hours and worries for many of our na- 
tion’s shippers of gasoline and oil. 





MORE TRIPS PER GASKET result from the special ““U.S.’’ Com- 
pound developed in United States Rubber Company Laboratories. 
Actual service experience shows a very high average of trips per 
gasket and an extremely low cost per trip. 


Listen to the Philharmonic-Symphony program over the CBS network Sunday afternoon, 3:00 
to 4:30 E.W.T. Carl Van Doren and a guest star present an interlude of historical significance. 


UNITED STATES 


RUBBER COMPANY 


1230 SIXTH AVENUE +» ROCKEFELLER CENTER - NEW YORK 20, N. Y. 
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compressor is very flat between 50 per 
cent and 100 per cent volumetric ca- 
pacity. The overall efficiency of this 
type unit is approximately 85 per cent 
at maximum designed load, and falls 
off slightly if the load, or output vol- 
ume, is increased or decreased. 

The head, or discharge pressure curve, 
falls off with a capacity beyond the 
maximum; so, too, does the compres- 
sion ratio. The machine is primarily a 
constant head unit; however, the head 
may be varied by changing the rotat- 
ing speed. 

A machine with the above character- 
istics is very desirable for gasoline re- 
covery plant operations as the greatest 
possible uniformity in flowing condi- 
tions may be obtained, and shock and 
vibration will be completely absent. 
The absence of vibration or pulsation 
in high pressure lines is extremely desir- 
able in high pressure operations in con- 
nection with condensate or natural gas- 
oline recovery as most pipe failures 
which occur are from pulsation and vi- 
bration. Freedom from vibration and 
unbalanced dynamic forces lessens the 
amount of concrete and foundations 
required for centrifugal compressors 
and eliminates the difficulties with vi- 
bration in field lines, where but few 
compressor cylinders are used in recip- 
rocating machines. 

One of the most disturbing factors in 
the metering of gas has been pulsations. 
Centrifugal type machines will entirely 
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eliminate such troubles and minimize 
wear and tear on metering equipment. 

Centrifugal compressors, complete 
with prime movers, generally steam tur- 
bines, are estimated to cost from $65 
to $85 per hp. as compared to $105 to 
$135 per hp. for reciprocating equip- 
ment with comparable installation qual- 
ity. 

Centrifugal compressors are now 
built for discharge pressures up to 400 
lb. per sq. in.; the limiting factor in 
this regard being the strength of the 
case. No reason is seen to preverit the 
design of units suitable for operating 
up to 3000 Ib. per sq. in. or more. Cases 
may be designed for balanced inside and 
outside pressures and inserted in a suf- 
ficiently strong “gun-barrel” outer case. 
This principle has been successfully 
used in fluid meters where a 25 to 50-lb. 
meter may be used for pressures up to 
3000 Ib. per sq. in. or more. 

The compression ratio of a centrifu- 
gal compressor is dependent upon the 
intake temperature of the fluid being 
handled, and presently completed de- 
signs will operate approximately as 
shown in the following table: 


Fluid pumped Four wheels | Six wheels 
Average natural gas. 2 
\ir 2.8 
Propane 7 
Butane 


t 


Higher ratios can be obtained by the 


Fig. 5 
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use of interstage coolers for minimizing 
inlet temperature to successive stages, 

Peak, or designed pressures, for , 
multi-stage centrifugal or turbo-com. 
pressor cannot be exceeded and destruc. 
tive pressure due to accidental closure 
of a valve on the discharge system can. 
not be developed. For this reason relief 
equipment such as safety valves o 
frangible blowout disks are not te. 
quired, thereby further minimizing jn. 
stallation costs. 

A centrifugal compressor has a def. 
inite pressure-volume curve for its de. 
signed speed, and the pressure-volume 
relationships will have a separate curve 
for each rotative speed. 

In operation, the gas to be compres: 
ed enters the rotating element at aper- 
tures around the shaft of the machine. 
The rotating element imparts velocity 
to the gas by the centrifugal motion. 
This velocity increases with the increas- 
ing radial speed of the impeller section 
it passes through until it reaches the 
discharge tip of the impeller, where the 
energy due to velocity is converted to 
pressure energy in passing through the 
stationary vanes around the impeller. 
As the velocity is decreased the pres- 
sure is increased and the moving vol- 
ume of gas is carried to the next wheel 
of the unit at the increased pressure 
where a second increment of pressure is 
added by the same process. The final 
discharge pressure required determines 
the number of stages required. 

Variation in speed for driving cen- 
trifugal compressors depends upon the 
type of prime mover used. Where steam 
turbines are used for this purpose a 
wide range is available by throttle con- 
trol of the turbine. Where constant 
speed electric motors are used variable 
compressor speeds may be obtained 
through the use of an efficient fluid 
transmission, now found in many places 
in industry. If a combustion turbine is 
used, a combinaton of turbine speed 
control and fluid transmission may be 
used. Speeds of centrifugal compressors 
now in use run up to 6000 to 10,000 
r.p.m. but need not be so limited. Cen- 
trifugal compressors are designed to 
have a peripheral speed of approximate- 
ly 750 ft. per sec. 

Much interest has been developed in 
the possible use of combustion turbines 
in place of team turbines in the nat- 
ural gas and gasoline industry. (Fig. 6) 
The development of this type of prime 
mover has been very rapid, and its gen- 
eral appearance in both stationary and 
mobile units is predicted after the wat 
is over. 

At the present time the combustion 
turbine is used to convert hot waste 
gases of combustion to useful powef. 
It is in operation in some of the modern 
refinery processes and is converting oth- 
erwise lost energy into useful work. 
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Hydrocarbons in the Gasoline Fraction of 
Seven Representative Crudes 


American Petroleum Institute Research Project 6 made its second report of an 
investigation on the analysis of the gasoline fraction of representative crude petro- 
leums at the National Bureau of Standards, before the annual meeting in Chicago, 
November, 1943. Alphonse F. Forziati, Charles B. Willingham, Beveridge J. Mair, 
and Frederick D. Rossini made the investigations and presented the paper. 


The first report, made the year previous, showed preliminary results on East 
Texas and Oklahoma crudes. The second report gives the results obtained on the 
hydrocarbons in the gasoline fraction of 7 different naphthas covering the paraffins 
and naphthenes to 102°C. and the aromatics to 160°C. Subsequent reports will deal 
with the paraffin and naphthene hydrocarbons above 102°C. and the aromatics 


Samples for analysis were selected so as to cover the largest possible range in 
composition; included one high in aromatics, one high in isoparaffins, one high in 
normal paraffins, and one high in naphthenes. They came from the following fields: 
Ponca, Oklahoma; East Texas; Bradford, Pennsylvania; Greendale-Kawkawlin, 
Michigan; Winkler, Texas; Midway, California, and Conroe, Texas. The fraction- 
ating processes of adsorption and distillation were used in the analysis. 























Present trends of design have been for 
large units, but development of the 
turbo-super charger for airplane en- 
gines indicates that it will be possible to 
develop and operate small power units. 

General mechanical horsepower in 
the United States started with the re- 
ciprocating steam engines, which was 
followed by the steam turbine, the or- 
dinary gas or gasoline engine, and the 
diesel engine. This source of power is 
now being augmented by the gas tur- 
bine. It is estimated that the sum total 
horsepower hours annually produced by 
all of the above mechanical power units 
in the United States exceeds 450 billion, 
which is about 3000 hp.-hr. of work for 
each person in the United States an- 
nually. 

The reciprocating steam engine was 
a complex, inefficient machine requiring 
a boiler plant. It was largely replaced 
by a more efficient steam turbine, but 
the necessity for the boiler plant re- 
mained. Next came the gasoline and 
diesel engines with increased efficiencies 
and the elimination of the boiler plant, 
but with the addition of mechanical 
complexities. Each of the above type 
units has a definite place in industry 
and does not need discussion at this 


time. The efficiencies of the gasoline and 
diesel prime movers is considerably high- 
er than the older type reciprocating 
steam engines. Steam locomotive ef- 
ficiency runs from 8 to 12 per cent. A 
gas-fired turbine-driven locomotive de- 
veloped in Switzerland prior to the war 
showed an overall efficiency of 15 to 
18 per cent. 


The gas-fired turbine consists of a 
power turbine element and an axial 
type blower on the same shaft. The 
blower compresses a large volume of 
low pressure air which is supplied to 
the burner (Fig. 4). Fuel in proper 
proportion is mixed with the air and 
ignited, and the hot gas mixture of com- 
bustion passes through and actuates the 
power turbine. The excess power over 
and above that required for compression 
of air for combustion is the power avail- 
able for useful work. The efficiency of 
the gas-fired turbine is governed by the 
temperature of the gaseous mixture 
reaching its rotating elements. A tur- 
bine having an efficiency of 18 per cent 
with combustion gases at 1000°F. will 
attain an efficiency of 23 per cent when 
the inlet temperature is raised to 1200° 
F. With new metals now being devel- 
oped it is anticipated that operating 
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temperatures may go as high as 1500°R, 
with corresponding increases in efficien. 
cies. 

Recent attention to progress of the 
gas turbine may make it appear that 
this method of developing power from 
direct fired gases is a new invention, 
Patents were issued on this type power 
unit during the latter part of the 18th 
century, and at that date it is obvious 
that engineers of that time recognized 
the advantages of a single element ro. 
tating power unit free of the complexi- 
ties of a steam plant. 

The high stage of development of the 
steam turbine no doubt had much to 
do with the parallel development of the 
gas-fired turbine. Metallurgy of ma- 
terials probably had more to do with its 
recent fast growth than any other sin- 
gle factor. 

The approximate temperature of the 
exhaust from a turbine with 1000°F, 
inlet temperature is a little over 600°F.; 
by utilizing the exhaust heat to preheat 
air from the axial compressor to the 
burner unit the efficiency of the unit 
may be raised by approximately 50 per 
cent. 

Higher operating temperatures re- 
quire increasing compression ratios in 
the compressor unit but also increase 
the overall thermal efficiency of the 
unit. The efficiency of the compressor 
part of the gas turbine unit has much 
to do with the overall efficiency of the 
unit. By increasing the efficiency of the 
compressor unit from 0.75 to 0.90, a 
change of 20 per cent, an overall ef- 
ficiency of 400 per cent in maximum 
thermal efficiency is obtainable. 

It is not believed that the gas-fired 
unit will replace the steam actuated 
type, but it is felt a unit operating free 
from water supply will have many in- 
herent advantages in gas and gasoline 
plant operations in certain areas where 
water is scarce and that which is avail- 
able is of poor quality. Direct fired tur- 
bines can be fired with any liquid or 
gaseous fuels and should be well adapt- 
ed to certain power requirements in 
gasoline plant operations. 

A centrifugal compressor unit driven 
by a gas-fired turbine will give the sim- 
plest mechanical designed unit yet de- 
veloped and offers the natural gasoline 
industry the possibility of new features 
in design at a greatly reduced horse- 
power cost. Exhaust heat from the tur- 
bine, with proper design, could supply 
much of that required for processing. 

A gas fired turbine will not start at 
the turn of a valve as will a steam tur- 
bine, but must have some auxiliary de- 
vice to rotate its moving element up to 
approximately 20 per cent of no 
speed to produce a sufficient volume of 
air to support combustion. 
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P 771. 
Maximum Hydrocarbon Utilization With Natural Gas as a 


Chemical Raw Material* 


By JAMES E. PEW and FRANK H. DOTTERWEICH 
Natural Gas and Natural Gasoline Division of PAW 


. growth of the gas industry 
during peacetime was accompan 
ied by developments and operating 
problems primarily related to the use 
of natural and manufactured gas as a 
source of fuel and energy. While these 
activities were being given major at- 
tention, a new technology was being 
evolved—that of petro-chem develop 
ment, in which gaseous hydrocarbons 
were being distorted, rearranged, and 
recombined to yield chemical raw ma- 
terials from which useful 
could be manufactured. 


prod ucts 
Today the 
swift tempo of war activities places in- 
creased emphasis upon these petro-chem 
operations, capable of supplying our 
tremendous war machine with vital war 
products, many of which find natural 
gas as the basic raw material. 

The wartime developments are not 
of a4 static nature but will progress 
steadily until the not-too-distant day 
where a substantial portion of our 
hydrocarbon derivative chemical prod- 
ucts will have their origin in natural 
gas. In this paper the authors will en 
deavor to note processes presently avail- 
able, together with those which will be- 
come generally available in the postwar 
period by means of which we may hope 
to utilize more efficiently the full range 
of our hydrocarbon raw material and, 
in addition, to analyze the effect of 
these petro-chem operations upon pres- 
ent and postwar activities of the gas 
industry. The future of natural gas in 
its Capacity as a chemical raw material 
has occupied much space in technical 
publications and general discussions, 
ind this subject continues to grow in 
stature. This is true, at least in part, 
because of the rapidly advancing tech- 
nologies, which appear destined to have 
profound effect upon the future of the 
industries involved. Natural gas is 
known as the ideal fuel with its superb 
performance bringing about the de- 
velopment of special heating and cool 
ing equipment and thus furthering the 
earlier standardized applications, such 
s cooking and heating. 

lhe stability of the gas industry and, 
more particularly the natural gas sec 
tion, has been built around a numeri 
cally substantial domestic load, which 
condition has permitted it to weather 
he storms of depression. In looking 
into the future the question arises as to 


Gas Association, New 


h 23, 1944. 


what effect petro-chem developments 
are to have upon this industry. Natu- 
rally this problem resolves itself into, 
first, an analysis of available natural 
gas reserves; second, a consideration of 
the success of new commercial processes 
proposed with natural gas as their 
chemical raw material, and, third, a 
quantitative study of the extent to 
which the use of natural gas therein 
will deplete those reserves. 

Natural gas reserves. Natural gas 
reserves are today estimated at 110 
trillion cu. ft. With marketed natural 
gas production approximately 3% 
trillion cu. ft. in 1943, a supply suffi- 
cient for the next 30 or more years ap- 
pears to be definitely assured. This com- 
pares very favorably with an estimated 
oil production known reserve ratio of 
14 years. 


A further evaluation of relative im- 
portance of natural gas in the natural 
resources picture is provided by a com- 
parison of natural gas and oil reserves, 
on a thermal or weight basis, either of 
which reveals their near equivalence. 
Probing more deeply behind these re- 
serves figures, it may be determined 
that estimates of natural gas reserves 
have risen phenomenally in less than 
ten years. A 1935 estimate of 62 trillion 
cu. ft. of gas reserves appeared opti- 
mistic beside others at that time; yet, 
in the ensuing nine years, during which 
more than 25 trillion cu. ft. of gas have 
been withdrawn from the nation’s 
underground reservoirs, reserves esti- 
mates have risen to the present 110 
trillion cu. ft. for the nation. 


Meanwhile, an analysis of discoveries 
in the highly active area embracing 
South Arkansas, Louisiana and the 
Coastal Plain of Texas reveals further 
that, in the years between 1934 and 
1943, the proportion of gas and gas- 
condensate to total discoveries rose from 
24 to 52 per cent, with gas-condensate 
discoveries largely uncovered in deeper 
drilling increasing from 11 to 36 per 
cent of the total during this period. The 
continuance and expansion of this 
deeper drilling program, undertaken as 
improvements in technique permits, 
may be expected to uncover an increas- 
ing proportion of fields of the gas-con- 
densate type, existing under extremes 
of pressure and temperature, and these 
fields, productive of the lighter hydro- 
carbon fractions which are proving so 
valuable in wartime production pro- 


grams, through the installation of cy 
cling equipment may constitute the nu 
cleus in the postwar period of the new 
petro-chem technology. So much is 
already evident: The period and magni 
tude of gas-condensate discoveries is 
adequate to justify appreciable capital 
outlay, as increasing amounts of the 
lighter hydrocarbon materials will be 
made available for chemical processing 
and, potentially, manufactured gas en- 
richment. The latter, gas enrichment 
with ethane-propane mixtures, should 
be given immediate attention by manu- 
factured gas companies, if the advan- 
tages of a higher B.t.u. gas non-gum- 
ming and non-corrosive properties are 
to be attained. 

But the gas industry has still greater 
possibilities ahead. The uses of natural 
gas to be hereinafter described are new 
uses, providing new markets. The gas 
companies possessed of a high degree of 
engineering skill and knowledge, with a 
fundamental awareness of the capabili 
ties of their stock-in-trade, could look 
upon the new technology as an added 
source of revenue. 

It is necessary to emphasize that a 
new market has been created for, as 
shall be seen, the needs of the United 
States for certain products in 1943 
could have been not through conserva- 
tion of natural gas reported lost and 
wasted by the U. S. Bureau of Mines 
in the 1942 Minerals Yearbook, carry- 
ing most recently published analysis of 
gas disposition (1941). Actual produc- 
tion exceeded 4 trillion cu. ft., with 
almost one-third of this being divided 
between repressured and stored gas 
(660 billion cu. ft.) and gas known 
lost or wasted (630 billion cu. ft.) , The 
latter figure will be used in the calcu- 
lation to follow as being both qualita- 
tively and quantitatively indicative of 
the magnitude of this waste. Gas loss 
and waste in proportion to production 
is decreasing as indicated in Fig. I, but 
the figure is still far too great, despite 
the intensified efforts of the governing 
legislative bodies to reduce it to the ab- 
solute minimum. 


New and proposed commercial 
processes. The importance and value 
of natural gas at present and, in the 
postwar period to an ever greater ex-' 
tent, is a measure of the volume avail- 
able and the low critical material re 
quirement for processing and produc 
tion. By modern methods of extraction 
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and fractional distillation, natural gas 
may be separated into relatively pure 
saturated hydrocarbons. Valuable in 
their pure state as blending agents or, 
when especially processed, still more 
valuable as a chemical raw material, 
giving remarkable high yields of war 
products. Among these are high octane 
aviation gasoline, synthetic rubber, ex- 
plosives, and plastics, all being made in 
great quantities with petroleum and 
natural gas as key components. Too, 
new processes and products are con- 
stantly undergoing development, and 
natural gas will continue to grow in im- 
portance as a chemical raw material. 

In discussing the newer methods ot 
conversion, not only into the essential 
raw materials, but also into the final 
products, it appears desirable to divide 
these into: (1) Processes directly con- 
cerned with the production of superior 
liquid fuels from natural gas, and (2) 
processes concerned with the produc- 
tion of other chemical raw materials. 

Liquid hydrocarbon fractions 
from natural gas. Such hydrocarbons 
as propane and butanes occur in ap- 
preciable quantities in wet or casing- 
head gas, and are largely removed be- 
fore the gas is marketed. At the present 
time the propane-butane fractions serve 
as liquefied petroleum gases and also 
as the feed materials from which 
certain aviation fuel components are de- 
rived. Production of the super aviation 
fuels, composed of select hydrocarbon 
fractions in definite proportions, re- 
quires large quantities of isooctane 
alkylates, cumene, tetraethyl lead, and 
other essentials. An appreciable amount 
of these ingredients has its origin in 
natural gas; in fact, a finished aviation 
fuel may be produced altogether from 
fractions obtainable in exploitation of 
the nation’s gas-condensate fields. 

The production of liquid hydro- 
carbon fractions from dry natural gas 
is presently receiving attention. The 
processes involved have been developed 
commercially by European powers and 
are related to those through which the 
Axis nations are now synthesizing gaso- 
line from coal. The increasing reserves 
of natural gas in this country, viewed 
in conjunction with heightened con- 
sumption and decreased finding power 
of crude oil, are presently accelerating 
interest on this object. 

In the past, liquid hydrocarbon frac- 
tions have been prepared by a process 
commonly referred to as the Fischer- 
Tropsch process. In this process, water 
gas (carbon monoxide plus hydrogen) 
is the raw material. In Europe water 
gas has been prepared with coal or coke 
as the starting raw material. However, 
with the modern steam conversion proc- 
ess, in which natural gas and steam are 
made to react to form water gas or hy- 
drogen as an end product, a more rea- 
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sonably synthesized liquid fraction is 
available. The importance of the proc- 
ess in relation to America’s 110 tril- 
lion cu. ft. of gas reserves cannot be 
over emphasized for it makes natural 
gas well-nigh competitive with crude 
oil. Natural gas could possibly be one of 
the starting raw materials if the crude 
oil supply is to be supplemented or sup- 
planted in the synthetic hydrocarbon 
fractions. 

With natural gas as the starting raw 
material, three steps are involved: Re- 
forming to water gas, synthesis into 
liquid hydrocarbon fractions, and re- 
covery and separation. The three are 
already being practiced separately on a 
commercial scale, and the problem re- 
solves itself into “flanging up” these 
operations and perfecting operating 
conditions so that this synthetic liquid 
may be produced on a favorable eco- 
nomic basis. Investigation of the com- 
bined processes is now being undertaken 
in pilot plant operations, with estimates 
as high as 4.2 gal. of liquid products re- 
coverable per 1000 cu. ft. of dry natural 
gas, including fuel gas. This yield if 
proved practical is approximately equiv- 
alent to 1 bbl. of a mixture, (chiefly 
gasoline, diesel oil, and heavy oil) per 
10,000 cu. ft. of dry natural gas. 

Chemical processes — new and 





proposed. Chemical developments re 
lated to natural gas are numerous, and 
progress is being made constantly. In 
this paper major attention is to be di- 
rected to the preparation of products 
derived from natural gas that serve as 
chemical materials from which many 
useful products may be derived. 

The steam conversion process, to 
some extent developed in this country, 
is outstanding because it reforms dry 
natural gas to water gas or hydrogen. 
Water gas, in addition to being the base 
product in the manufacture of liquid 
fuels, may be the starting point in the 
production of synthetic alcohol and 
formaldehyde. War and peacetime uses 
of hydrogen are many, but chief among 
them is the production of synthetic 
ammonia for use in explosives, ferti- 
lizers, and hydrogenation processes 
(principally in the production of super 
fuels). 

The regenerative furnace process 
makes available still another method of 
cracking natural gas. This furnace, now 
ready for commercial operations, pro- 
duces important starting chemical ma- 
terials, such as acetylene, ethylene, and 
propylene from natural gas constituents, 
not excluding methane, but with ethanc 
and heavier fractions more desirable. 
Still another method is provided in the 


Fig. 1. Natural gas known lost and wasted, 1935-41 
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electrical production of acetylene. This 
method is being thoroughly investigat 
ed in pilot plant operations, and may be 
expected to be of importance in the 
postwar production of acetylene. 

The production of carbon black, of 
fundamental importance to the rubber, 
printing, and paint industries, has long 
utilized about one-tenth of this coun- 
try’s annual production of natural gas 
through the simplest of the chemical 
reactions into which methane, the prin- 
cipal component of natural gas, enters 

-combustion and thermal decomposi- 
tion. Carbon black is today being pre- 
pared from natural gas alone in channel 
and roller plants (typical of contact 
methods of manufacture), and thermal 
and furnace plants. A product similar 
to the furnace type is also, being pre- 
pared from degraded oil and natural gas 
in combination. It is interesting to note 
that the thermal production of carbon 
black had its origin in the derivation of 
hydrogen, from natural gas, with the 
thermal black representing merely a by- 
product. It is, then, possible to obtain 
two products through one process. The 
production of hydrogen is alone eco- 
nomically feasible, even in areas of high 
the relatively cheap, coarse 
grade of carbon black obtained, capable 
of being used in extremely high load- 
ings, represents additional revenue. 


gas- Cost; 


Oxidation process is now in com- 
with 
serving as a raw material in the pro- 
duction of formaldehyde, methyl] alco- 


hol, acetone, and acetaldehyde, among 


mercial operation, natural gas 


others. Present processes yield a mix- 
ture of these oxidation products, and 
economics require that the market ab- 
sorb all of these derivatives if the high 
cost of production is not to be imposed 
upon any one end product. It is pos- 
sible that more recently dev eloped proc- 
esses now undergoing examination 
will permit conversion of natural gas 
exclusively into one product, thus elim- 
inating economic uncertainty. (The 
subject of producing oxy-hydrocarbon 
derivatives by alternative method is 
considered elsewhere herein. ) 

The cholorination of natural gas and 
its derivatives to form chlohydrocar- 
bon solyents is of proved commercial 
importance, while their use has been 
greatly increased in war time. The 
peacetime uses of these compounds have 
been greatly curtailed or eliminated 
order that they may be made available 
for war uses. These compounds are of 
great importance, both in chemical war- 
fare and in the synthetic rubber in- 
dustry, 


as well as in many other uses 


demanding near or absolute non-flam- 


mability plus excellent solvent power 


for oils, fats, and other organic materi 
ils. Improved processes of this type are 
continually being developed, and nat- 
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ural gas will remain one of the impor- 
tant raw materials. 

The vapor phase nitration of natural 
gas hydrocarbons on a commercial 
plant scale basis has produced the four 
nitroparafhins: Nitro-methane, ethane, 
propane, and butane, thus making 
available for chemical synthesis a group 
of compounds with a potential range of 
usefulness unequaled by any other new 
group of organic chemicals. These com- 
pounds are more than just another 
group of new compounds because they 
open entirely new fields of organic 
chemistry, a field which some day may 
rival the development of the coal tar 
derivatives in magnitude and scope. At 
the present time their entire production 
is going into essential war uses for the 
synthesis of pharmaceuticals, dyestuffs, 
insecticides, rubber chemicals, photo- 
graphic developers, textile chemicals, 
and resins together with their use in 
solvent applications. The entire post- 
war industry, particularly the highly 
specialized industries, should find these 
nitroparafins a fertile source of im- 
proved and new chemicals for new and 
better products. 

In addition to being of great impor- 
tance as a raw material in the processes 
previously cited, natural gas is forging 
ahead along other lines. An example is 
the production of carbon disulphide, 
presently derived by heating sulphur 
and charcoal. Recently published lab- 
oratory research indicates that high 
yields of carbon disulphide may be ob- 
tained through the high temperature 
reaction of methane and sulphur, and 
that methane and other hydrocarbons 
offer possibilities as cheap raw ma- 
terials in this production, such new 
processes, making use of natural gas as 
a chemical raw material, are introduced 





natural gas in its capacity as a 
chemical raw material. Diversified 
opinions have been voiced regarding the 
magnitude of demands that may bx 
made of natural gas in its capacity as a 
raw material for the rapidly developing 
petro-chem industry. The view most 
generally held, and one in which the 
authors have concurred, is that de 
mands will be slight by comparison 
with the enormous volumes annually 
used for fuel. An attempt has accord 
ingly been made in the following para- 
graphs to evaluate these demands quan 
titatively, based upon production fig- 
ures for various organic chemicals 
which were synthesized during 1943. 
As will be shown, all of these could 
have been produced with a fraction of 
the natural gas loss and wastage to 
which reference was earlier made. 

Methane is suitable for the produc 
tion of acetylene, particularly by elec 
trical methods, and may also be used in 
the steam conversion process whereby 
formaldehyde or methanol may be ob 
tained. With those possible exceptions, 
ethane, propane, and butane provide 
more desirable raw materials. Accord 
ingly, use has been made of these frac 
tions in the following study, with the 
lean gas then being converted into 
methanol and formaldehyde sufficient 
to fulfill the requirements of these prod- 
ucts, and the remainder entering into 
the synthesis of liquid hydrocarbon 
fractions by means of the Fischer 
Tropsch process. The conversion fac 
tors used are not improbable for the 
early postwar period. 

In the recovery of the heavier hydro 
carbon fractions from natural gas, their 
conversion into basic chemical raw ma 
terials, and their subsequent synthesis 
into organic liquids, the latest availabl 





daily. recovery and yields were used. Inas 
Quantitative requirements of much as part of the data is restricted, 
TABLE | 
l 
| Possible processes and raw materials 
Synthetic organic U. 8. 1943 pro- 


chemical duction, Ib.! 


Acetaldehyde | 
Acetic acid (100 per | 
cent | 264,898,632? 


224,445,142? 


*Estimated from basic 
‘Includes vinyldiene chloride. 
Material requirement: 





Basic hydrocarbon 
raw material 


| Ethane propane 


Ethane propane. 


Acetone 336,000,000 Butane 
Acrvlic resins 25,000,000 Butane 
Ethyl alcohol 344,000,000 Ethane propane 
Formaldehyde (40 per 
cent 485,000,000 Methane 
Methyl alcohol 430,000,0004 Methane 
lsopropy! alcoho 380,000,000 Butane 
Vinyl resiz 100,000,000 


Ethane propane 


The total production of synthetic organic chemicals, 
shown, could be produced from the recoverable ethane, propane, butane a 4 480 billion 
cu. ft. of matural gas (about 75 per cent of the 1941 gas lost or wasted) with the accompanying 
methane and heavier residue converted into approximately 44.4 million bbl. of gasoline, diesel, 
heavy oil mixture via the steam conversion and Fischer Tropsch processes. 


Intermediate hydro Processes 
earbon raw material 


Acetylene Regenerative cracking 


Acetaldehyde 
Isopropy! alcoho! 


Regenerative cracking 
Tubular or regenerative 


cracking 
Ethylene propylene Tubular or regenerative 
cracking 
Ethylene Tubular or regeneratiy 
cracking 
Steam conversion or cata 
lytic oxidation 
Water gas Steam conversion 
Propylene Tubular or regenerative 
cracking 
Acetylene ethylene Regenerative cracking 


1Approximated by Chemical and Metallurgical Engineering, February, 1944. 

“From U. S. Tariff Commission (1942 production). 

%Ic¢ is assumed that the greater portion of acetone is derived from isopropyl alcohol as shown. 
Feo in Chemical and Metallurgical Engineering, f 


ebruary, 1944. 
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YOU GET better VALVES THROUGH 
R. P. & C. SPECIALIZED PRODUCTION 







“READING” Cast Steel Valves and Fittings are made 
by an organization that has devoted its whole life to 
developing pressure steel castings—castings finished 
into valves and fittings in accord with designs for high 
temperature service. 

“PRATT & Capy”’ patents for brass and iron valves, 
now expired, show its participation in early develop 
ments of the valve industry — particularly the develop 
ment of renewable features. 

“D’EsTe”’ was an original manufacturer of reducing 
valves and pressure regulators—introducing the piston 
internal pilot control type. 


















* * o 

Thus, READING-PrRatTr & Capy offers you a single source for 
your valves. Whether they be of cast steel, brass or cast iron, or 
whether they be manually operated gates, globes, checks 
et cetera,or automatically controlled regulators —they are mad: 
by an organization experienced, tooled and manned for the 
production of its particular type of valve, but each able to give 
you every advantage of the best thinking of the others. You get 
better valves through R. P. & C. specialized production 
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total requirements are given rather than 
any detail. 

Reference to Table I divulges that 
the estimated production of these syn- 
thetic organic chemicals, as listed, could 
be derived largely through regenerative 
cracking from the recoverable ethane, 
propane and butane content of 480 bil- 
lion cu. ft. of gas (about 75 per cent of 
the gas reported lost and wasted in 
1941). The residue dry gas could then 
be synthesized inte 44.4 million bbl. of 
gasoline, diesel oil, and heavy oil mix- 
ture. An alternate method, illustrative 
of the diversity and flexibility of avail- 
able processes, is considered in Table 2. 
This method is constructed chiefly 
around oxidation processes presently 
being employed in the conversion of 
natural gas derivatives to certain basic 
chemical raw materials of use in the 
war effort. The synthetic organic 
chemicals indicated could be produced, 
igain, from the reported 630 billion cu. 
ft. of gas loss and wastage in 1941, with 
the remaining semi-dry gas available for 
synthesis into approximately 55.5 mil- 
lion bbl. of a gasoline, diesel oil, and 
heavy oil mixture. 

Notably, also, the production of the 
majority of synthetic chemicals item- 
ized in Tables 1 and 2 was achieved 
principally through use of ethane, pro- 
pane, and butane, or less than 20 per 
cent by weight of the natural gas. 
Further, in view of the fact that ethane, 
propane, and butane fractions are pres- 
ently extracted from natural gas and 
are readily transportable by modern 
methods, this study loses its hypotheti- 
cal character and assumes practical eco- 
nomic stature. It is, then, interesting to 
note that although dry natural gas 
(principally methane) is of importance 
as a chemical raw material, analysis of 
the extent situation suggests that the 
heavier available fractions be utilized. 
Such use will preserve for the natural 


gas industry its source material—dry 
natural gas. 

Additional dry natural gas will also 
be made available for conversion into 
liquid hydrocarbon fractions, chiefly 
the aforementioned mixture of gasoline, 
diesel oil, and heavy oil. Pilot plant 
operations are now getting under way, 
and it is altogether likely that in the 
near future natural gas will be a raw 
material in commercial scale operations. 
A potentially enormous volume of nat- 
ural gas could thereby be utilized in sup- 
planting the anticipated early decline in 
productivity of crude oil. However, it is 
the authors’ opinion that, although nat- 
ural gas may be used in this capacity, its 
conversion to liquid hydrocarbons will 
take place in locations readily accessible 
to one or more fields but inaccessible to 
pipe line outlets, and where gas was, per- 
haps, even being wasted. Petroleum re- 
serves should continue to bear by far 
the greater part of the load through im- 
ports and new discoveries in the United 
States. When large-scale conversion is 
necessary, oil shale and coal may be ex- 
pected to provide the principal raw ma- 
terial sources. Natural gas may play a 
part therein, but only on a secondary 
scale, since the huge quantities required 
for Fischer-Tropsch conversion may be 
prohibitive. Moreover, potentially 
greater yet less exhaustive needs exist 
for natural gas in its capacity as a 
chemical raw material. 

The future of natural gas as a 
chemical raw material. An analysis 
of the future of natural gas in this ca- 
pacity as a chemical raw material has 
its background in the role assumed in 
World War II. Today large quantities 
enter into the production of carbon 
black, absolutely essential in the suc- 
cessful use of synthetic rubber, not only 


for tire-compounding, as was the case : 


with natural rubber, but for all other 
uses. Appreciable quantities of natural 





} 





1Refer to Table 1 for source of data. 


into approximately 55.5 mil 


and Fischer Tropsch processes. 





TABLE 2 
{Alternate method) 


Synthetic organic U.S. 1943 pro- | 
chemical duction, lb. | Basic hydrocarbon | Intermediate hydro- Processes 
raw material carbon raw material 
Acetaldehyde 224,445,142 Ethane propane Oxidation 
Acetic aeid (100 per 
ceat 264,898,632 Ethane propane | Acetaldehyde | Oxidation. 
Acetone 168,000,000 Ethane propane. | Oxidation. 
168,000,000 Butane Propylene Tubular or regenerative 
| _ eracking. 
Acrylic resine 25,000,000 Butane | Ethylene propylene..| Tubular or regenerative 
| | _ cracking. 
Ethyl aleohol 344,000,000 Butane | Ethylene | Tubular or regenerative 
cracking 
Formaldehyde (40 per | 
cent) 485,000,000 Ethane propane Oxidation 
Methyl alcohol | 268,500,000 Ethane propane | Oxidation. 
161,500,000 Methane | Water gas Steam conversion. 
Vinyl resins 100,000,000 Butane | Acetylene ethylene Tubular or regenerative 


Material requirement: The total production of synthetic organic chemicals, by 
shown, could be produced from the recoverable ethane, propane, butane fractions of 630 billion 
cu. ft. of natural gas (total gas lost or wasted, 1941) with the accompanying semi-dry gas converted 

ion bbl. of gasoline, diesel, heavy oil mixture via the steam conversion 


Possible processes and raw materials 


} | ¢racking. 
| 


rocesses as 
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gas derivatives are also used in the pro 
duction of synthetic rubber. Still other 
quantities enter into the production of 
modern aviation fuel. Some 50 per cent 
of the emergency synthetic ammonia is 
produced from hydrogen derived 
through the decomposition of natural 
gas by the steam conversion process. 
Further, an as yet small portion of the 
synthetic organic chemicals listed in 
Tables 1 and 2 finds natural gas as th 
starting raw material. The present us: 
of natural gas as a chemical raw ma 
terial is in itself an amazing accomplish 
ment, strongly indicative of postwar: 
use, 

It is evident from the foregoing con 
siderations that the chemical product 
derivatives of natural gas provide the 
public with a potential source of new 
and improved materials — materials 
with amazing industrial applications, 
developed through the gas chemist’s 
molecular magic. What may be less 
obvious is that they also present the gas 
industry—particularly, but not neces 
sarily exclusively—with a 
source of new revenue. 


potential 


By and large, the gas industry ha: 
played a passive role in the attainment 
of experience relating to the new petro 
chem developments, as well as in th 
technical research which that experienc: 
precludes. It is to be hoped that th 
establishment of the Institute of Ga 
Technology at Chicago, Illinois, typific 
a dress rehearsal for a more active role- 
one in which Frank C. Smith, the presi 
dent of the Southern Gas Association 
has been most aggressive in demanding 
The important work of the Gas Insti 
tute must be continued, even expanded 
under the gas industry’s sponsorship 
But this is only a start. Outposts should 
be established in colleges and universi 
ties throughout the country throug! 
grants set up by the gas industry. 

From the foregoing it is evident that 
the natural gas industry has unlimited 
possibilities in the postwar period and 
many years thereafter. The reserves 
guarantee many: years of successful 
operations with the heavier derivatives 
of natural gas becoming of increasing 
importance as chemical raw material ir 
the ever expanding petro-chem opera 
tions. Although dry natural gas is of 
importance as a chemical raw material, 
less exhaustive needs exist for it, with 
present trends suggesting that the 
heavier fractions are more desirable for 
chemical processing. These conditions 
should preserve for the natural gas in 
dustry its source material—dry natura 
gas. Thus, a balanced market is being 
created to use the complete range of our 
gaseous hydrocarbons, assuring maxi 
mum hydrocarbon utilization wit! 
natural gas as a raw material. 


—— & & & — 
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EXHAUST 
AND 
INTAKE 
SILENCERS 


@ These Maxim 
Silencers are de- 
signed to silence 
the exhaust or in- 
take of internal 
combustion engines, 
steam engine ex- 
hausts, air com- 
pressor intakes, 
vacuum pump dis- 
charge and the in- 
take or discharge of 
blowers of the posi- 
tive. pressure type. 
Wide choice of 
models to fit vary- 
ing space and si- 
lencing require- 





SPARK 
ARRESTOR 
SILENCERS 


@ Maxim Spark 
Arrestor Silencers 
effectively silence 
exhaust noise and 
in addition provide 
for 100% trapping 
of all sparks and 
embers which might 
come from the ex- 
haust. Of obvious 
value in marine 
use, these Spark 
Arrestors are also 
applicable to indus- 
trial use where a 
fire hazard exists. 





STEAM 
BLOW-OFF 
SILENCERS 


@ These silencers 
were developed for 
use on installations 
involving the dis- 
charge of high vel- 
ocity steam, air or 
gas to atmosphere. 
Used for steam 
blow-off, safety 
valve discharges, 
etc. Silencers shown 
above installed on 
high velocity steam 
exhaust have a to- 
tal capacity of 
135,000 Ibs. per 
hour. 
















HEAT 
RECOVERY 
Be) SILENCERS 


@ Maxim Heat 
Recovery Silencers 
combine efficient si- 
lencing of engine 
exhaust with spark 
arresting (where 
necessary) and with 
the recovery of 
waste exhaust heat 
to produce steam or 
hot water. Highly 
efficient heat trans- 
fer . . . automatic 
controls . . . may 
be run wet or dry. 
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Preparation of Cyclopentane From 


An Oklahoma Natural Gasoline* 
By J. W. TOOKE, Phillips Petroleum Company 


ERTAIN hydrocarbon oils have 

long been known to contain small 
amounts of cyclopentane. Brown and 
Carr’ in 1926 found an indication of 
cyclopentane in several gasolines. In 
1938 Tongberg, Fenske, and Sweeney® 
cited the presence of cyclopentane in 
almost all of twenty naphthas in- 
vestigated by them. They further men- 
tioned the possibility of obtaining frac- 
tions (5 or more volume per cent of 
overall naphtha) of 50 per cent of a 
particular hydrocarbon by applying ef- 
ficient fractionation. Cyclopentane was 
listed as one of the definite possibilities 
from virgin naphthas. Rossini, Mair, 
Forziati, Glasgow, and Willingham‘ in 
1942 showed the presence of cyclopen- 
tane in the paraffin-naphthene portion 
of an East Texas naphtha as a result of 
one distillation. Although these investi 
gators and others have recognized th« 
presence of cyclopentane in hydrocar 
bon oils, no one appears to have reported 
the actual isolation and testing of the 
material in high concentration. The pur- 
pose of this paper is to report a method 
for preparing cyclopentane from a nat 
ural gasoline. 


Appreciable quantities of cyclopen 


tane in natural gasoline produced in the 
Burbank, Oklahoma, field were first 
suspected when kettle products from 
the fractionation of normal pentane 
from this source were observed to pos- 
sess unusually low A.P.I. gravities. This 
was attributed to the presence of a 
cyclic hydrocarbon and, since it pos- 
sessed a boiling point between normal 
n-pentane and m-hexane, was thought 
to be cyclopentane. A systematic effort 
was made to obtain the cyclopentane by 
precise fractional distillation. 
Original stock. A pentane-hexane 
fraction from natural gasoline was used 
The A. S. T. M. distillation and A. P. | 
gravity follow: 
Initial boiling 
5 per cent 
) per cent 
) per cent 


per cent 


per cent 13 
Endpoint 210 
A P.I R9 S 
Equipment. The fractionation 
equipment consisted of two steel batch- 
type packed columns. The first column 
or that used for the initial fractionation 


was 6 in. in diameter and had an over- 
all height of 20 ft. 3 in. It was packed 
with '%-in. steel Lessing rings for a 
total depth of 17 ft. 5 in. Reflux was 
provided by an internal water-cooled 
coil so that the column operated under 
partial condensation. Product removal 
was from the head as a vapor and con- 
densed in a separate water-cooled prod- 
uct condenser. The still had a 250-gal. 
kettle and was heated by steam. 

The second column (used for the 
final fractionation) was 6 in. diame- 
ter and had an overall height of 22 ft. 
S in. It was packed with '-in. stone- 
ware Raschig rings for a total depth of 
18 ft. 11 in. The reflux arrangement 
and vapor take-off assembly were the 
same as that for the first column. This 
kettle had a 100-gal. capacity and was 
also heated by steam. 

Procedure. For the preliminary frac 
tionation the still was operated at an 
average pressure of 47 lb. per sq. in. 
gauge, a vapor temperature of 181° F., 


13O——____ 


FIG,1, PRELIMINARY FRACTIONATION OF 


INITIAL BOILING 
in 


P 775. 


and a kettle temperature of 205° F. 
The original stock was charged in ¢ 
batches of approximately 225 gal. eacl 
for a total charge of 1350 gal. For each 
batch the still was brought up to tem 
perature and allowed to come to equi 
librium under total reflux. When this 
had been accomplished, vapor was re 
moved from the head of the column and 
condensed at the rate of about 5 Ib. per 
hr. and a reflux ratio of about 25 to 
until nearly all the m-pentane had bee: 
removed. At this point the vapor rm 
moval rate was reduced to 2 Ib. per hi 
at a reflux ratio of about 50 to 1. Frac 
tionation was continued until all the 
material boiling between 110° and 
130° F. had been taken overhead. The 
fractions of the distillate boiling below 
110° and above 130° F. were discarded 
From time to time during the frac 
tionation, samples of the distillate wer: 
examined for A. P. I. gravity and boil 
ing range. Boiling points and range 
were determined by a modified Cottrel! 
boiling apparatus as developed by Quig 
gle, Tongberg, and Fenske*. A typica 
boiling range-gravity curve showing 
concentration of the cyclopentane is 
given in Fig. 1. All boiling points and 
ranges were obtained under controlled 
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CO2 COOLER—STEAM CONDENSER 


Manufacturers of COz2 are faced with the problem of 
removing steam from COg and at the same time 
cooling the gas. Wet COz is corrosive to many metals 
but cast iron handles it very well. The two stage 
condenser-cooler pictured at the right was so suc- 
cessful that two additional units were ordered within 
the same year. 
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NATIONAL CONDENSING and COOLING SECTIONS 
are the ECONOMICAL ANSWER 
to many process problems 
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National Sections are cast in a high quality, high strength 
closed grained grey iron. The type shown is tested hydro- 
statically at 1000 lbs./sq. in. pressure. Cast Iron chaplets 
insure immunity from corrosion due to “battery action.” 
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PYRIDINE DEPHLEGMATOR— CONDENSER 


War demand for sulfapyridine called for increased 
output from coal by-products. The National Section 
unit shown proved very successful in increasing 
capacity and reducing maintenance. Temperature in 
the dephlegmator at the left is controlled by volume 
of water spray while complete condensation of the 
pyridine is obtained in the submerged unit on the right. 
* 

The efficiency and durability of National Sections, 
plus the ingenuity of National engineering can help 
you overcome some of your condensing and cooling 
problems. 
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pressure of 760 mm. of mercury with 
a certified mercury thermometer. Stem 
corrections were also applied. 

From the six preliminary fractiona- 
tions, 108 gal. of cyclopentane concen- 
trate were accumulated. A sample of 
this had an initial boiling point of 116° 
F., a dry point of 125.7° F., and an A. 
P. I. gravity of 65.8. This material was 
charged to the second still for final 
fractionation. The still was brought to 
temperature and refluxed until equi- 
librium was established. During this 
final fractionation the still was oper- 
ated at 40 Ib. per sq. in. gauge, with a 
vapor temperature of 201° and a kettle 
temperature of 204° F. Vapor removal 
from the head of the column was then 
started and continued at the rate of 
about 1.8 Ib. per hr. at a reflux ratio 
of 115 to 1. Condensate was collected 
in one-gallon cuts, and for each cut the 
boiling range and A. P. I. gravity were 
determined. Results are in Fig. 2. 


Results 


5 


Fig. 2 shows that a long plateau occurred be- 
tween 19 and 69 per cent distilled with only 
slight fluctuations in gravity and boiling point. 
Twice during the distillation the column flooded 
and was shut down until equilibrium was again 
established. After 69 per cent distilled, the grav- 
ity curve showed a definite though slight rise 
which continued until the end of the distillation. 
Fig. 2 shows that, although good fractionation 
was obtained, the gravity never reached the 
value for pure cyclopentane, 57.1° A. P. I. 
(d*” 0.7460). This is attributed to the presence 
of a paraffin hydrocarbon which is thought to 
be neohexane. 


Forty-four 1-gal. cuts were selected from 
near ‘the middle of the plateau and composited 
for further work. The characteristics of this 
composite are given in the following table, to- 
gether with values for the “best sample” from 
the fractionation and those obtained from the 
literature for pure cyclopentane. 

-—— This work 
Best Literature 
Composite sample (2) 
Boiling point (760 


mm. Hg), ° C. 49.1 49.1 49.3 


0.7394 0.7460 


9 
Specifie gravity, d _ 0.7363 


Refractive index.” > 1.4032 .1.4050 1.4068 


Assuming the contaminant to be neohexane 
only, the composite is estimated to contain 91 
per cent cyclopentane and the best sample to 
contain about 95 per cent cyclopentane. Part of 
this composite sample was used to obtain anti- 
knock characteristics. 

The cyclopentane content of the original 
stock is estimated to be 5.7 liquid volume per 
cent, equivalent to 2.4 liquid volume per cent 
yf a 12-lb. Reid vapor pressure natural gasoline 
from a Burbank source. 
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Continental Motors Corp. 53 
Continental Supply Co. 51 
Cook, C. Lee, Mfg. Co., Inc. 180 
Cooper, Fred E. 61 
Cooper-Bessemer Corp. 40-41 
Core Laboratories, Inc. 157 
Crane Co. 29 
Cummins Engine Co. 111 


Darling Valve and Mfg. Co. 131 
Dean Brothers Pumps, Inc. 169 
Diamond Chain and Mfg. Co. 141 
Dowell, Incorporated 26 
Dresser Engineering Co. 281 
Dresser Manufacturing Company 187 


Economy Electric Lantern Co. 148 
Edward Valve and Mfg. Co. 257 
Electro Metallurgical Company 2 
Emsco Derrick and Equipment Co. 133 
Engineering Laboratories, Inc. 95 


Fairbanks, Morse and Co. 107 
Felt Products Mfg. Co. 134 
Floridin Company, Inc. 243 
Fluor Corporation, Ltd. 253 
Foster Wheeler Corp. 200-201 
Foxboro Company 235 


Gardner-Denver Company 32 
Gaso Pump and Burner Mfg. Co. 167 
General Paint Corporation 183 
Grant Oil Tool Co. 86 
Graver Tank and Mfg. Co., Inc. 13 
Griscom-Russell Co. 215 
Grizzly Manufacturing Co. 71 
Guthrie and Brown 184 


Halliburton Oil Well Cementing Co. Back Cover 
Hamner, Leland Company 121 
Hazard Wire Rope Division, American 

Chain and Cable Co., Inc. 21 
Hill, Hubbell and Co. Division 183 
Houdry Process Corporation 259 
Hughes Tool Co. 67 
Humble Oil and Refining Co. 33 
Hunt Tool Company 47 
Hyatt Bearings Division, General Motors 

Corporation 31 
Hycar Chemical Co. 255 


Ingersoll-Rand 241 
International Harvester Co. 


Jensen Bros. Mfg. Co. 

Jones and Laughlin Supply Co. 
Jones, S. M., Co. 

Justrite Mfg. Co. 

Kellogg, M. W., Co. 

Kerotest Mfg. Co. 

Keuffel and Esser Co. 

Koppers Co. 


Lane-Wells Co. 

Larkin Packer Co., Inc. 

Layne and Bowler, Inc. 
LeRoi Co. 

Leyman Manufacturing Corp. 
Linde Air Products Company 
Link-Belt Co. 

Lone Star Cement Corporation 
Los Angeles Standard Rubber, Inc. 
Lufkin Rule Co. 

Lummus Co, 

Lunkenheimer Co. 


McCullough Tool Co. 
McEvoy Company 
Macwhyte Company 
Marley Company, Inc. 285 
Marmon-Herrington Co., Inc. 129 
Martin, John N., Mfr. 87 
Maxim Silencer Co. 289 
Mayes Brothers, Inc. 189 
Merco Nordstrom Valve Co. Front Cover 
Mid-Continent Engineering Co., Inc. 6 
Midwest Piping and Supply Co., Inc. 250 
Midwestern Engineers 192 
Mission Manufacturing Co. 55 
Nash Engineering Company 28 
National Airoil Burner Co., Inc. 202 
National Radiator Company 291 
National Carbon Co., Inc., Carbon 

Products Division 229 
National Supply Company 
Naylor Pipe Company 
Norris, W. C., Manufacturer, Inc. 
Norvell-Wilder Supply Company 


Ohio Injector Co. 

Oil Center Tool Company 

Oil Well Supply Co. 

Otis Pressure Control, Inc. 

Pacific Pump Works 

Parkersburg Rig and Reel Co. 

Patterson-Ballagh Corp. 

Peerless Pump Division, Food Machinery 
Corp. 

Penberthy Injector Co. 

Petro-Chem Development Co., Inc. 

Petroleum Electric Power Assn. 

Petroleum Rectifying Co. 

Powell, Wm., Co. 

Proportioneers, Inc. 





Reading-Pratt and Cady Division, 
American Chain & Cable Co., 

Rector Well Equipment Co., Inc. 

Reed Roller Bit Co. 

Refinery Supply Co. 

Reilly Tar & Chemical Corp. 

Ridge Tool Co. 

Rockford Drilling Machine Division 

Rodgers Hydraulic, Inc. 


S. K. F. Industries, Inc. 

Security Engineering Co. 
Seismograph Service Corporation 
Southern Mill & Mfg. Co. 
Sperry-Sun Well Surveying Co. 
Standard Oil Co. of Calif. 
Sterling Machinery Corp. 

Stoody Co. 

Stratford Engineering Corp. 


Taylor Forge & Pipe Works 

Texas Pipe Bending Co. 

Torrington Co., Bantam Bearings Div. 

Tretolite Company 

Trinity Portland Cement Co. 

Tube-Turns, Inc. 

Tulsa Boiler & Machinery Co. 

Twin Disc Clutch Co, 

Union Asbestos and Rubber Co 

Union Carbide and Carbon 
Corporation 

United States Rubber Co. 


Van der Horst Corporation 





Wallace-Rose-Hoskins 

Waukesha Motor Company " 
Wheatley, Frank, Pump & Valve Mfr. 

Williams Brothers Corp. 

Wilson Manufacturing Co. 

Wisconsin Motor Corp. 

Worthington Pump & Mch. Corp. 

Wyatt Metal & Boiler Works 


Youngstown Sheet & Tube Co 
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JOE SWITCHED TO 


7RU-LAY PREFORMED 
WIRE ROPE {/ 


(Yes —it increases machine production) 
AMERICAN CABLE DIVISION 


Wilkes-Barre, Pa., Chicago, Denver, Houston, Los Angeles, San Francisco, Emlenton, Pa. 
Distributors in all important oil field centers 
AMERICAN CHAIN & CABLE COMPANY, Inc. 
BRIDGEPORT, CONNECTICUT 


ESSENTIAL PRODUCTS...TRU-LAY Aircraft, Automotive, and Industrial Controls, TRU-LOC Aircraft Terminals, AMERICAN CABLE Wire Rope, 
TRU-STOP Brakes, AMERICAN Chain, WEED Tire Chains, ACCO Malleable Castings, CAMPBELL Cutting Machines, FORD Hoists, Trolleys 


HAZARD Wire Rope, MANLEY Auto Service Equipment, MARYLAND Bolts and Nuts, OWEN Springs, PAGE Fence, Shaped Wire 
Welding Wire, READING-PRATT & CADY Valves, READING Steel Castings, WRIGHT Hoists, Cranes 


.. In Business for Your Safety 
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INTO EVERY BATCH...THE “VITAL ELEMENT” 
The ‘‘vital element’ in Hawco Oil Well Cementing Service is 
experience ...the ability to analyze unpredictable problems 


on the basis of experience and to draw from past perform- 


ance the one most effective solution. It’s a vital element be- 





cause it plays a vital part in safeguarding a vital investment. + 


HALLIBURTON OIL WELL CEMENTING COMPAM)) 


DUNCAN, OKLAHOMA 








